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ABSTRACT

On August 19, 1970 a comnuttee was apponted by Lloyd M Joshel General Manager
of the Rocky Flats Division of Dow Chemical US A, to assess the long term potential
hazard of plutonum contamnated soil under and around an asphalt pad at Rocky Flats

The committee was also to make recommendations for disposition of the contamnated
sol The arca covered by the asphalt pad had been used as an outside storage area for
plutomum contaminated o1l drums This report contains the essential information
relating to the evaluation The evaluation indicated that there 1s no health hazard assocr-

ated with the levels of plutomum soil contamination found 1n the vicimity of the asphalt
pad The report reviews the pertinent published literature and presents the resuits of
research mnitiated mn support of the nvestigation
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COMMITTEE EVALUATION OF PLUTONIUM LEVELS IN SOIL WITHIN AND
SURROUNDING USALC INSTALLATION AT ROCKY FLATS COLORADO

' R Sccd Chauman

A W Cualhins

C T [lislea
 J Mwmer
J B Owen

PART | STATUS

1 INTRODUCTION 1
fn Julv 1958 at the USAEC Rocky Flats Installation an
area on the plant site wus designated as a temporary "

storage area for contaminated ol drums Subsequently

some of the drums developed oil leaks and some plu

tonium contaminated o1l was deposited on the sol  The 1
area was later covered bv an asphdlt pad )

Atter g ure on May 11 1969 at Rocky Flats studies were 4
conducicd by the Health and Satetv Laboratory (HASL)

of the USALC and by the Colorado Committee on Fnvicon
mental Information (CCLID concenming the possible redease

ot plutomum  These mvesugations detected measurable 5

amounts o1 plutomun n the soit wround the Rocky Flats
Plunt  Tho epweenter quite dearfy shows that this contam
nation « »uld not be attnibuted to the May 1909 tire but s
duc to ne resuspenston and redsstiibhution of contanunated 7
sou from the ol drum storage arca

A Committee was appomnted by Llovd M Joshel Guneradl ’

Muanager ot the Rochy Flats Division of Dow Chenucal 9

US A on August 19 1970 to assess the Jong term potential

hazard and mahe recommendations tor dispositton ot the 10

plutonium contaminated soif under and around the asphalt

pad, which covered the area that had served as an out

door plutomum contaminated od drum storage area il
12

Members ot the commuttee assembled over 3 000 pages of
peritnent published hiterature Contacts were established

with personnel throughout the AEC complex having simular 13
problems and responsibilities (plutomum 1n soil)

14

In general the committee assembled and studied reports
concerning

Rocky Flats historical intormauon on the o1l drum
storage arcu

The HASL Report on Plutonwuny  Soll Around the
Rochy Flars Plant, August 1 1970

Colorydo State Department of Health soil survey data
A CCEl report bv B A Martell entitled  Report on the
Dow Rocky Flats Fire  Implications ot Plutonum
Releascs to the Public Health and Satety * January 13
1970

The Palomuares Acade-

The Thule Acadent

Operation Plumbbob

Operauon Roiler Codseer

Soil anaiv tical techmgues

Techniques for plutonium removal from soil and
contaminated soil dispusition

Plutonium biological assimelation data

U S and other governments’ recommended limits for
plutonium contarmnaton

Techniques for soil stabihization

Radiation survey instruments whose sensitivity and
discrimination allowed for detecuion of plutomum-

surtace contamination



15 Reports on world wide  tall out

Speuitic programs were imitiated to evaluate the piutonium
contamindtion data available from HASL and CCEI reports
as well as the soil analysis data being collected by the Rocky
Flats Health Physics Department  Action was immitiated to
core sample and analyze the soil covered by the asphalt
pad Action was also initiated to evaluate soil stabilization
techniques Contacts were established with some ot the

Y
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other At C sites that had potental problems wath plutonium
contamination in sotl

The commuttee directed special atiention to contammation
standards that had been used in previous inudents of
plutonium contamination 1n sod particularly the most
recently proposed standards These standards were used

in assessing the potential consequences of the level of
plutonium contamination onginating from the Rocky
Flats o1l drum storage area




2 ASSESSMENT OF POTENTIAL HAZARD

A reasonably thorough reading ot the literature availabic
on biological assimianon redistribution deposition and
effects does not reveal any health hazard associated

with the levels of plutonium soil contamination found in
the vicinity of the asphalt pad There are unanswered
questions relative to high LET radiation associated

with low level internal exposure This 1s an area of
radiation research which 1s being actively pursued by
Los Alamos Scientific Laboratory, Battelie Northwest
Lovelace Foundation Lawrence Radiation Laboratory

RFP-INV-10

resuspension data and an aceeprable nsk of 1 5 REM/vr

to the adult putmonary lumph nodes  Althaugh specitic
standdrds have been recommended 1n the past disaster or
emergency situations have not used speaific gurdelines

but rather a process ot judicious decision making ’

has been emploved The mamn guideline for the *“jyudicious
decision making has been to maintain an *‘actual dose

as near zcro as possible ° This * treedom™ of interpretation,
however, 1s shortly coming to an end [t 1s this committee’s
optnion that the last data in the following table have been
reasonably developed are realistic, and have a high
probabilitv of being adopted bv the USAEC for plutonum

in sotl The assessment of hazard and our recommended
actions should be consistent with these interim recom
mended standards 1t should be noted that the *contour
lines * established using the HASL Report 235 data

and the data from the CCEIl report, as well as the data

the University of Utah, and the Umiversitv of Rochester

The standards that have been used for piutonium soil
contamunation are based on sets of assumptions including

MAXIMUM PERMISSIBLE ALPHA CONTAMINATION

Country uCiym? mCi/km?(®) d/m /gram®) Remarks
Unsted Kingdom (Dunster) 01 100 222 Widespread areas contaiminated with plutonium
United Kingdom ol 100 222 “Inactive areas
10 1000 222 “Active aress '
Czechosiovakia 011 110 44 Workplaces after decontamination
France 01 100 222 Equipment and workplaces in “inactive’’ areas
10 1000 222 Equipment and workplaces in ‘active’ areas
Poland 01l 100 222 Labs restricted to using 100 u C) or less
10 1000 222 Labs permitted to use more than 100 u Ci
South Africa 01 100 222 Body, personal clothing, inactive areas
10 1000 2122 Equipment and workpiaces inside controlled areas
United States ICC 002 20 444 Interstate Commerce Commussion (Dept of Transportation)
pertams to interior of vehicles previously used for transpor
tation of matenals
USSR 0015 1$ 333 Work ctothing and surfaces before cleaning
0 002 2 0 444 Hands and work underclothing before cleaning
0006 [ 133 Work Surfaces after cleaning
United States(¢) 004 40 88 Urban suburban, recreation areas
o4 400 88 Rural truck farming, snnual food crops, grazing land
milk-shed, etc
40 4000 888 Rural deep root perennials (e g nuts, certain fruits)
400 40000 8888 Remote or Controlled desert, forest, fenced or limited

access areas

‘8)Units used 1n HASL report No 235§
®) Units used by Rocky Flats in reporting soil analyms (in most cases s specific gravity of one (1) was assumed for conversion of units
) Recommended st an International Symposium on Radiological Protection of the Public in a Nuclear Mass Disaster (June 1968)
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obtained bv the Rocky Flats Health Physicy Department
show values in excess ot the recommended hits extending
beyond our property boundanes

Other sigmificant regulations that should be considered in
assessment of hazard are

1 Cntenon | of 10 CFR 140 84 (Financial Protection
Requirements and Indemmity Agreements) which con
siders surface contamination values above 0 35 uCi/m?
(77 dpm/em?, 350 mCi/km?) over 100 m? of property
as the mmimum level of transuranic radio nuchdes that
would comprise a substantial discharge of radiwactive
matenal from 1ts intended place of confinement
In the HASL report there are contour lines extending
beyond the plant boundary that show plutonium con-
centrations in excess of this value

A Colorado State Board of Health Regulation
should be considered

Radiation Regulation No 2

Requirning stabilization of uranium and thorium mull-
tathng piles This regulation applies to @/l uramum and
thorium mill tailing piies and could be interpreted by
the courts to apply to our radioactive “‘pile It states
that all such piles “shall be stabilized against wind and

water erosion It states that any recogmzed technique
might be emploved such as concrete petroleum products
ete  so as to ensure proper protection from wind and
water erosion  Access to the stabilized area shall be
controlled by the operator or owner

Although the plutonism contamination of soil in and
near Rocky Flats can not be considered a “mul taling
pile,” this Regulation gives an indication of the State’s
thinking 1n 2 somewhat analogous situation

Inmtial estimates made by Rocky Flats Manufacturing
personnel based on total number ot leaking barrels and
average plutonium concentration 1n the o1l led to a value
of approximately 85 grams total plutonium deposited in
the soil beneath the barrels

Making use of all the soil analysis data, one can calcu-
late an estimate of 7 6 grams over 5 63 km? (1,393 acres)
outside the plant boundary down to the 13 mCi/km?
contour The authors ot the HASL 235 report estimate
between 2 6 and 5 8 C3 off AEC property (38 to 85
grams Rocky Flats plutonium)

After 1aking all aspects into consideration the committee
concludes that additional land should be purchased as
proposed separately




3 HISTORY OF PLUTONIUM CONTAMINATED
Olt DRUM STORAGE AREA

From the beainning ot operations ol the Rocky Flhins

Plant organic hiquids contamn ited with wadioactive
muateridls were generated in vatious manufacturing operations
(n the tnuual design ot the facihities verv little attenuon

was given 1o this particular radioactive waste problem The
volumes were very low and 1t had been assumed that this
torm of contaminated waste could be etther burned or
packaged 1n some manner and shipped for burial as were

the low level solid wastes  In the carly davs of the Rodky
Flats opcration some uramum contamnaicd ol was buried
4and some inctnerated In 1957 4 siall quantity of uramum-
contanunated o1l was shipped to the idaho bural site but
shipment of contanunated higud wastes was not continued

Changes m weapons design and i manutacturing processes
significantly ncreased the amount of contammated oils
bemg gencrated  This particularly sigmiticant in the manu
facturing of piutomum components  The problems of
permancnt disposals and of storage of the mereasing
quantitics generated werc iccognized in 1956

As a result of one study the P at 1V addition (completed in
1957) to the plant included o Igh speed centrifuge in
Building 776 10 process plutonium contamimated organic
hquids  The operation was disappointine and resulted
recommendation made in 1958 that a4 substitute process be
developed tor disposal - This investieation was utitiated
mmeduately by the Technical Statt predecessor ot the
existing Research and Development Organization at Rocky
Flats Considerabiv more comprehensive than the carhier
studies the processes investigated tor disposat included
disullation steamn stnpping 108 exchange filtration 1on
exclusion evaporation solveni extraction and other
approaches

The outside plutonium contaminated o1l drum storage
arca was first established n July 1958

Most of the drums transferred to the field were nonunal
55-gallon drums but a significant number were 30-gallon
drums Not all were completely full Approximately threc-
fourths of the drums were plutonum-contaminated whereas
most of the balance contained uranium  Of those containing
plutonium most included lathe coolant consisting of a
straight-chain hydrocarbon mineral oil (Shell Vitrea) and
carbon tetrachlonide in varying proportions Other hiquids
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were anvolved however imddading by sraniic oifs vacuum
pump ol trichblorocthylone porchiloroctbs lone silicone

olls acctone sull bottams ete Orgmally contents of the
drums were indicated on the outside but some ot these
mdrkings became diegible through weathering and adequate
records were not kept of the speufic contents of each
barrel Leakage of the ol was recognized early and 1n
1959 ethanolamine was added 1o the ol to reduce

the corrosion rate of the steel drums

Development work on a potential process to dispose and/or
reclaim the materials continucd  As a result o the develop-
ment studies which had been inttiated however 4 recommend
dtion was issued 1n December of 1959 that a stll be con
structed for the separation purniication, and reuse of the
carbon tetrachlonde and the Shell Vitrea A process design
was torwarded to Plant kngineering  The process was set

up in Building 771 Because ot ime and funding problems
surplus stainless steel equipment wasused On May 15 1960
test runs on this equipment were begun and shortly afterward
drums of currently generated o1l together with some trans
terred trom the ficld were processed through the system

Concurrently processes to dispose of the still bottoms from
this aperation and of other liquids were being pursued with
inuineration receving the most favorable attenuon  In this
svstem the waste heat would be unlized to evaporate aqueous
wastes which were also begmning o be a problem

tn June of 1960 corrusion ot the stainless cquipment
caused by hvdrolysis of the CCly to HCl became a problem
and 1 Scptember the operation was discontinued because
0] seVerL COrrosIon

Atter additional development work 1o solve the corrusion

and other problems 4 revised design was submitted to
Engineering in December 1961 The process was induded in
the project  Addiional Processing Facilities Contract

AT(29 2)- 1298" which was an expansion of the piutonum
chemical operation  During this period development of a
sludging process for disposing of the sull bottoms and other
wastes by mixing with an activated sthea was also completed
In June 1963 4 deuision was made to delete the CCly still
and other features from the expansion project because of
tunding problems Because of thss, the design capacity of

the sludging process was increased to provide for processing
all contaminated hiquids and funds for this project-based on a
muxer-extruder system called the *“jelly factory’ were requested
installaton of the mixer-extruder system was completed in
January 1964, but start-up work revealed major deficiencies
which required extensive modification in the installation
These modifications were not completed unut late in 1965




Wiren thus cquipmont was inally 1eadv 1oy oparsion
further deday was cncountered when it was datamined
destrable 1o provide a tacthity 1o partorm the dual purposes
ol transterring the ol 1o new drams tor sale trnsla 1o

the nuvang campment and filterme through one micion
tilters tor plutonium removal and recovery  As aresult
FY-19066 expense funds were provided (o butdd o temporary
tacthtv tor these purposcs

Atter more start up problems the hinal phase of emptying

the drum field began on January 23, [967 Bv tlus ume the
field contained about S 240 drums of which approxumately
3570 contained plutomum contammation  The oldest drums
and those contaiming piutomum were processed first To the
best of our knowledge the last of the plutonum contamindted
oil was removed on January 25 1968 The last of the uramum
contaminated o was transterred to 4 new drum on May 2%
1968 and shipped 1o the disposal plant i June S 1968

Ongingl estimates of plutomum content had indicated that
the plutonium bearing drums averaged about 4 5 grams of
plutomum per drum The muaterial balance 1itter processing
however showed that fess than half this amount was present
Of the plutonum found only 594 grams were recovered
2471 grams were processed with the od and S152 mams
remained m the aupticd doums

An csumate of fcakage based upon smaternl balinee
around the drums mdicated that 5 000 ¢ illons of o con
e about »6 grams ol phitonmm Jcked bom the drams

mto the son
The sieniticsnt or patnent ovents assoct sted wath the Pla
tomum Cor tantnated Diam Storace Arc o be sammunzed

gy totlomws

Dt Intarm iton

Drumy storage area estthinhed - Duning
substquent years diums wete contin
uallv added which pom sy contamed
plttonuum cont unnnted ovdhning oils

Julv 108K

1959 First dnnn leakage discoverca rust
mhibitor cthanelanine was added to

diums prior 1o storge to mmimize

July

Lotosion

First evidence of Tiree scale detenoration
of drums reported  Soil contammnauon

reported gs tncreasing

Januany 1964

1966  Small building added to filter and
transfer contaminated oi from

leaking drums to new drums

Januarv

RTP-INV-10

Lastdre s addad 1o s1013ec e and
ity 0 774 begin Oldest drums
shipped nst

1967

3 wuan

1968 Last dru 1 shipped to Building 774
tor processing High winds spread some

contamination

Juace

Julv 1968 Radation momtonng and mapping of
arca comnicted Levesol 2 X 10°
dfm/g 1o over 3X 107 d/m/g reported
Penetration of from 1 mch to 8 inches
reported

September 1968 Prelimunarv proposal for containment
caver prepared by Rocky Flats Factlities
I ngincenng

19069

July First coat of fill material apphicd

1969 Fil work completed paving contract

let

August

Overlav material sod sterilant and
asphalt prime coat completed

September 1969

1969 Asphdit contanment cover completed

including tour sampling wetls

Novembes

The deposition of the contamination m the soil of the drum
stonage are ¢ hewin shortly atier the drums were placed n
the srea Resuspension and redistribution ol the contaming
aon however was certahy not 3 simple muthematical
lunction of umic The quantty redistributed was dircctly
awsoctated with removal of the drums which exposed the
contaningted soll physical activity i the area and the
penodic hugh winds (ound at Rocky Flats This can best

be seen 1f we study data trom air samples collected directly
ast of the storage arca The Rocky Flats Heatth Physics
Department conducts an extensive air sampling program to
determuie the presence of airborne radioactive contdmindnts
in and around the Rocky Flats Plant sitc One of these air
samplers (designated S-8) 1s situated directly east of the 903
drum storage arca at the east penimeter fence The contami-
nation levels deternuned by analysis of samples collected
daily from this location have through the years been higher
than the levels measured at other locations

Monthly averages of the mndvidual dady contamination

levels show a very dlose correlation to physical activity in

the drum storage arca  Figure 3-1 shows a graph of the monthly
average airborne contamination levels determuned at air
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samplc S~ Whonanghvzine these data s warth notina
thi ot 2 1963 1o 1965 Laee se e detcnion thion ot the
drumsw ~ Lking place An exclusion tence wis addec

(to lhimte vsiedl acuviy i the arcay One drum was
puncturce =\ g fork htt and some soil was added to cover
certain cor.aminated areas  These physical activities cor
responded to the higher readings reported durning the
1963 through 1965 perniod  Starting in January 1967 4
great deal ot activity 1n the area was assoctated with drum
removal The contamination fevel measured n 1968
paralleled the drum removal activity  In late 1968 activity
assoctated with weeds being burned and grading of the area
<an be correlated with high contamination readings In
April of 1909 when the large rocks and stakes were removed

RFP-INV-10

tor fdhae and lavehing the area increased contanmination
le oy were reported

In November ot 1969 the tour sample wells were dug and
the increases 1n contamuination level are attributed to the
actvitv in the arca  in Apnil of 1971 a new drainage ditch
was completed just west of this area and, again, higher

contamination values were observed

At no time did the values from air samples indicate that
pernussible levels of plutonium contamination tn air had
been exceeded However these data do indicate the most
probable period when maximum resuspension and redis-
tribution of the contaminated soil took place




4 ATOMIC ENERGY COMMISSION CONTACTS

To collec 55 much mtormaton as possible concerning con
tanunateu sail problems knowledgeable individuals throush
out the AEC complex were contacied  The tollowmg 1s o
summan ot these contacts

LASL

Wnight Langham (Health Division) discussed availabiitv of
reports on plutonium contamination ot solls especally reports
related to the Palomares and Thule acaidents  Langham re
ported 1nat this information 1s not readilv available because
1t had not v et been published by the Air Force  Langham
reviewed HASL report 235 for the AEC and said he was
reasonably impressed that a professional job had been donc
He menuoned by telephone communications and later
suggested in wrniting that the Dow commitice nught protit
by a visit to Los Alamos to talk to people familiar with
toreign contamunation incidents as well as with contamina
tion incidents at Los Alamos 1t was suggested that Dean
Meyer John Healy and Witllam Kennedy could provide
informarion concerning contammation levels in the LASL
area

USAEC

Phihp Nrev (HASL) discussed HASL report 235 Two

errors one on the contour map of Rockv Flats ared soil
survey ang onc typographical errorin the data table on
plutoniur concentration in soil at one sample site were
correcto . It was agreed that nerther correction sigmitscanty
changec 1+ 0 total plutomum inventory 1n the area surrounding
Rocky Fro

John S H.-'«v (HASL) mentioned that he had partcipated
in a meor -2 at the AEC Headquarters on Julv 6 7 1970 1o
draw un z..dchnes tor sampling and analy 7ing soils for
plutonizr  Harlev also discussed the possibility ot HASL
personnel returming to Colorado for a supplemental program
to include (1) more detailed surveys in the imimedidate
vicinity o1 Rocky Flats and (2) specific field studied on re
suspension of plutonium contaminated soil particles

Don Ross (Health Protection — Operational Safety)
discussad 1n great detail the AEC guidelines (prepared

Julv 6 and 7) for plutonium sample collection and analvsis
This discussion with Ross reviewed the imitial request from
ALO (W B Johnston) for such a meeting the membership
of the commuttee which developed the guidelines, how the
guidelines were arrived at, and a summary of the nine guide
Immes This document has been routed to Dow through ALO

Art Whitman (NVO — Rad Op ) discussed the avadabiity
of NVO reports [t was suggested that we obtain a copy of a
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snectal hibhiograph on plu oum o~ ol contamination
Cthis bibhiosraphy has been ceencet Also Whitman
stggested that someone trony Dow visit NVO 1o discuss
dotails of NTS plutonum-contanun_t'on expertence and to
scan their files ot assified reports 27 miscellaneous data
tor intormation pertment to the Roowv Flats situation
Theretore a tnip was taken to Nevaca The following 1s a
list ot persons contacted at the Nevada Operations Office
United States Public Health Service and Revnolds Electri-
cal and Engineering Co A trip report summanizing this

activity 1s given 1n Appendin E

USAE(
Arthur J Whitman
Donald W Hendiicks

Ross L Kinnanan
Paui J Mudra

Radiological Safetv Branch
Radiological Safety Branch
Eftects Evaluation Office
Operations Division

USPHS - SWRHL

Mel W Curte
Jim Mulilins

Laporatorv Director

Deputy Chief Analyucal
Division

Les Dunn Environmental Survey

REECO (Test Site)

Arden E Bicker
Derek Engstrom
Leonard Svaitowics
Terrv Rov

ORNL

Environmental Services
Cnemustry Laboratory
Chemustry Laboratory
Sitz Survev

F R Bruce (Satetv and Rudiauon Control) and W S Snvder
(Health Phvsics) were contacted  Discussions were held
concerming a contanunation release which ocurred in 1957
An explosion i a process tank allowed the release of g
uramum-plutonum soluuon  Most of the contamination
was contained within a bunding However some con
tanunation 1o the environment resuited bv personnel tracking
1t outside and the escape ot airborne contaminauon It was
estimated that about | gram of plutonium was lost Some
gravel and top soil were removed and placed 1n drums for
disposal

NEVADA

C A Pelletier (Environmental Health Services Laboratory)
stated that work was being conducted concerming the
deposition of radioactive materal from the air to sod
However, resuspension of plutonium from the sou, and
soil stabilization have not been investigated

Claude Sill discussed the Idaho method (fusion and total
dissolution) for analysis of plutonium in the soil




5 REVIEW OF CURRENT ANALYTICAL
METHODS FOR PLUTONIUM IN SOIL

Measuring crutonum 1a soils especially ar vary low laveds
1s a ditticult analyncal problem It 1simperative that the
analy tical methods have good accuracy  precision and
reproducibility ot information

Various methods have been used for the analysis of pluto
nwum in sots They differ pnmaniv in the method by
which the piutonium is released from the sl These
methods varv from acid leaching to complete dissolution
of the soul bv fusion

The specific methods used by various sites for plutonium
analvsis has e been collected Three of these (Rocky Flats
Health Phy sics Laboratory and Budding 881 Analytical
Laboraton, and the AEC’s Health and Satetv Laboratory)
are summarized below Following these summaries there
1s a discussion of the reproducibilities of the various
methods comments on the two Rocky Flats Laboratories
that have the capabilities ior analysis of plutonium in souls
and a summary ot the AEC guidelines for soil sampling
and analysis

Methods Summary

1 Rochy Flats (Health Physics)

The sou samples (10g) are ignited a ***Pu spike (used to
measur2 the recovery ot all the plutonium n the sample)
1saddez and the samples are evaporated (leached)
alternately with HNO, and HCl This is tollowed by a
leach w,th HF and HCIO4 The solids are then removed
bv filtration the aciditv of the solution 1s adjusted with
HCl ana the Pu 1s separdated by anion exchange The
plutonium concentration is then determined by aipha
spectrometry

2 Rocky Flats (Building 881 Analytical Laboratory)

A 23¢Py spike 1s added to 100g of soil and the sample

1s leached twice with a 1 to 3 mixture of HCl and HNO;
Plutonium 1s removed from the leaching solution on a
column of anion exchange resin  After stripping the
plutonium from the resin with a ddute HNO; HF
mixture the acidity and plutonium valence are adjusted
and the plutonium is extracted with TTA The
plutonium-containing organic solution s then evaporated
on a planchet and the plutontum determined by alpha
spectroscopy
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ARG Hatth ond Stety L aborany (11ASLH)

A TP Pu spike 1s added and the samples (100g) are
fcached with 1 HNO, HOE maxture tairst 4t room
temperature then gt an cdevated temperature - The solu-
ton 1s decanted ind anv organic matter 1s decomposed by
heatng  Sithaic matertal 1t present 1s removed by
filtration and decomposed bv heating with HF - The
rematning materil 1s dissolved in HNO; and combtned
with the inital filtrate The acidity 1s adjusted with
HNO, and the plutonum 1s separated using anion
exchange  The plutonum s then plated on a disk and
the concentration determined by alpha spectrometry

Other methods tor determining ptutonum i sous involve
complete dissolution of the soil by fusion, then separation
of the plutonwum from the fused mass In the AEC complex,
Claude Sull of the Idaho Operations Office 1s a proponent
of this method The primary drawback of the fusion
method 1s the extensive time required to process each
sample and the relatively small sample size (1 to 5g usually)
that can be handled conveniently Those favoring the
tusion method are convinced however, that it 1s the only
sure way of getting all of the plutonium m solution and
avatlable for analysis

The amount ot plutonium that will dissolve by leaching
depends on 1ts torm 1n the soil  In analytical methods
236py “spikes arc added 1n solution form  As a result

this ‘spike™ of plutonmum will be more casily removed
trom soil than plutonium n the torm of oxide espeually
oxide that 1s high f.red  Although there is probablv no
better way 1o spike g soil sample  those using soil analysis
data should be aware of the lmitations and the data should
be evaluated accordingly

Fuming 4 soil sample with an HF HCIO, mixture 1s another
method that has been used tor complete sod dissolution

It 100 154 lengthy process The use of this method has been
reported by HASL (HASL 235) The current Rocky Flats
method uses « HF HCIO, aud treatment, but not to the
point of complete dissolution of the sample

Reproducibility of Analytical Methods

There are no analytical standards for plutonium in soil

The only way that analytical methods can be compared,
therefore, 1s by percent recovery of spikes, the precision of
these spike recoveries, and interlaboratory analysis of the
same sample Data on spike recovery and the precision of
this recovery are summarized below for the Rocky Flats
and the HASL methods Thus 1s followed by a discussion of
results on interfaboratory sample exchange programs and a
comparnison of different methods on the same samples
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SPIKE RECOVERY

I Rocky Flats Health Physics Liboratorn

in mud 1970 a senes of soils trom LRL w1, alyzed

at Rocky Flats The plutonum content ranged trom

0 3 10 300 d/m/g with 5 samples <1 d/mve one sampic
at 10 d/m/g and one sample at 500 d/m/g The average
percent recovery of the spikes for all replicates was 767~
with a standard deviation of 7%

2 AEC Health and Safety Laboratory (HASL)

J H Harley provided data on spike recovery tor their
method On ten soil samples analyzed the average
recovery was 84% with a standard deviauion ot 6~ The
data supplied were 1n the torm of spike recoveries only
the amount of plutonium 1n the samples was not
reported

Comparison of Different Analytical Methods

HASL has compared their leach method 4 carbonate fusion
method and a HF HC10, dissotution method all on Rocky
Flats sotls The results are shown in Tables3 1 and 5 2 These
results indicate that the methods are reasonably comparabic
(not signiticantly different according to the HASL report)
It should be noted however that there 1s no indiation ot
the chemical torm of plutonium in the soil used to obtamn
the resuits in either of these tables
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Table 5 2 Complete Dissolution versus Leaching

Table 5-1 Comparnison of Plutonium Analysis in Soil by Nitric
Hydrochlonic Acd Leach and Sodwm Carbonate Fusion

Methads
Percent
Sodl dpm/100g Chemacal
Tvpe Method Pu 239 + 240 Pu 238 Yield
1A Ledch 308 11 $§9:02 53
iB Fusion 318 +12 6603 59
2A Leach 1629 +87 322 $6
2B Fusion 1607 82 352 66
3A Leach 6002 019001 58
3B Fusion 8003 013:00! 61

This information received from J H Harley HASL September 3
1970

Pu 239
7 Deviatuon
Rocky Hlats Sails dpm/g Hetween
Map Site Sample Lab Method o Methods
7 14 HASL leach 308 x4 32
HASL fusion 31824
6 6 HASL teach 18 7 ¢4
HASL leach 16 3 £§ 89
HASL fusion 160 ¢S
4 4 HASL teach 0 060 24 28
HASL fusion 0 080 :4
mean 13
Other Sods
N Y C 020cm IPA leach 00167 t4
6/67 iPA teach 00165 £5 (]
HASL fusion 00166 t4
NYC 025cm TLW leach 022¢10
12/69 TLW leach 020 =5 11
TLW HF dissolution 023 18
TLW  HEF dissolution 0 24 5§
N Y ( 0Sum  TLW leach 0091 $6
12/69 TLW leach 0096 t5 33
TLW HI dissolution 0090 6
TLW HI dissolution 0 092 S
N Y ( 520em TLW feach 00048 £20
12/69 TLW leach 00041 =16 71
TLW  HI1 dissolution 0 0035 242
TLW HI dissolunon 00049 213
HASL tusion 00041 =5
Black Sml 1958 TLW lcach 00074 35 37
FASL fusion 00051 =4
mean |2

Comparison of Interlaboratory Results

LRL supphied analvses on the samples thev sent 1o Rochy
Flats and menuoned above  The results are tabulated below
Qualitatively the agreement between the two senes of
results 1s quite good

d/m/g

Sample Number LRL Rocky Flats(a)
1 006 029019
2 067 082022
3 04 071022
4 02 0442015

014 .
107

5 091 10810
6 550 493 33
7 13 109 08

(a) range

mean %
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The Rocky Flats tHoalth Phivsics Laboratory was ivolved n

an mterlaboratory sample exchange in nud 1970 usine samples

prepared by Claude Sill of fdaho  The soud samiples were
apparently tused atter preparation so that the plutontum
was present in the form ot a high tired oxade  On the tirst
two of these there was a recovery of 65 and 1007 (the
anaiytical method used includes leaching with HF which
will dissolve hugh-fired oxides better than any other treat
ment) This recovery was better than that obtained bv
either HASL or Los Alamos Subsequently two other
Sill-prepared samples were analyzed The Laboratory
obtained an 85% recovery on a sample containing 23 d/my/g
and a 71% recovery on a sample containing 39 d/m/g

Currently the Rocky Flats Health Physics Laboratory 1s
involved in a 23?Pu Soil Cross-Check Program being adnnn-
istered by the Southwestern Radiological Health Labora
tory Five samples have been received and three were
analyzed The concentration of plutonium in these samples
15 1n the range of 5 to 30 d/m/g Verbal information has
been obtained on the first sampie analyzed and indicates a
recovery of between 95-100% of the plutonium present
(~33 d/m/g) Three aliquants were run The precision

as measured from the three aliquant results was 5%

HASL has conducted interlaboratory comparison of meth
ods They are summarized in Table 5 3 For the most
part the results from the various laboratones appear to be
within reasonable agreement
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Table 5 3 (continued)
dpm/S0g
Sample Pu 239 +
Location Lab Method 240 Pu 238

Nuw York (3) 1) HNO, HCI Leach 4824023 0032003
B HNO, HCiLeach 453:030 0392010
B HF Dissolution 458025 0201010
B HI Dissolution 4491024 0141009

HASL HNO, HCl Leach 413:017 0321002

Table 5 3 Interiaboratory Comparison Analysis of Plutonium in Soii

dpm /1000
Sampie i 239 -
Location Lab Method 230 Pu 238
Colorado (1) A HNO, HCl Leach 400 :4 72202
HASL HNO, HCl Leach 308 11 59:02
HASL Na,CO, Fusion 318 =12 6610
Colorado (2) A HNO, HCl Leach 1660 £33 318213
HASL HNO, HCI Leach 1629 87 318220
HASL Na.CO, Fusion 1607 282 353116
Colorado (3) A HNO,; HCl Leach 102302 020:003
HASL HNO, HCI Leach 6002 0202001
HASL Na,CO, Fusion 80:03 013:00!
New York (1) A HNO, HCI Leach [7:¢01 004:+001
HASL Na,CO, Fusion 17:01 041002
New York (2) B HNO, HCl Leach 041:007 027021
B HF Dissolution 0352015 009018
B HF Dissolution 049:007 004 +004
HASL Na,CO, Fusion 041002 00332002
Hhnoss (1) B HNO, HCl Leach 0 74 £0 25 -
HASL Na,CO, Fusion 0512003 -

General Comments

ROCKY FLATS HEALTH PHYSICS LABORATORY

The laboratory personnel are currentiy investigating a total
dissolution method using a Teflon-lined Parr Bomb Pres-
sures as high as 1200 psi can be obtained in this bomb lIt1s
hoped that with this high pressure and a mixture of HF and
HC1 1t will be possible to dissolve a greater fraction of the
sample

The back log of samples 1n the Laboratory 1s being reduced
The average elapsed time for a sample analysis 1s now one
month however the time depends on the prionty of the
sample It takes about a week from the time analytical
work begins on 4 sample until the results are available

BUILDING 881 ANALYTICAL LABORATORY

The Buiding 881 Analv tical Laboratorv has been develop
ing 4 capability for plutomum analvsis 1n soils over the
last six to eight months Thev currently have a method
developed {Mcthods Summarv (2)] and have obtained the
necessary counting equipment Analyses of soil samples
taken from the Pad are in the range of 0 001 to 7 7 ug/
100 g soil  They estimate thewr precision on these samples
to have been £20/¢

To nvestigate the effect of the form of plutonium on its
recovery they spiked a large soil sample with plutonium
and heated 1t to 400° 600°, 800° and 1000°C They
analyzed samples heated to each temperature by their
method (which includes an HCI-HNQ, leach) and

recovered 105, 109 85, and 13%, respectively, of the pluto-
num This graphically demonstrates the influence that the
form of plutonium has on 1ts recovery This 1s an important
observation The nature of the plutonum in the soil
sample should dictate the dissolution techmque used

If 15 1s suspected that a “high-fired”” oxide s nvolved, the
fusion method recommended by Claude Sill (or near
complete dissolution) might be necessary for reasonable
quantitative results
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AEC Guidelines for Sotl Sampling and Chemucal
Analyses

[t1s apparent trom the information above that there 1s not
gencral agreement between various sites on the best analvt
1cal method to use for soil anatvsis  The same sttuation
exists for soil sampling techmques

During the course of this commitices investigation the
AEC 1ssued a set of guidelines tor soil samphng and sample

"
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mnahvst (eopy repaved October 200 9703 Cniteria are
given tor deternuning locattons tor serple taking the num
berand * equency of samples to be aken the procedure
tor taking the samples and the preparation ot the samples
tor subsequent analvsis  Rocky Flats procedures (within
the limits imposed bv the nature ot vur rocky soil)

have taken cognizance of these guidehines

The criteria tor sample analvsis are general and the methods
now 1n use appedr to comply with the AEC recommendation
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6 SIGNIFICANT, PERTINENT INFORMATION
FROM PREVIOUS INCIDENTS OF
PLUTONIUM CONTAMINATION

There have been severil instances ot piutomum contannng
ton of the environment outside ot a government (AEC)
controlled area Two ot these — Palomares Spain
Januarv 1966 and Thuie Greenland January 1968 —
involved major plutonium contamination of sigmficant
land areas There were also signmificant political and pubhic
reldtion overtones It is instructive to examine these two
accidents to see what can be learned about the extent of
contaminauon the methods used to decontaminate and
the amount of residual acuvity remaining atter decontami
nation was completed The Palomares acuident will be
exanuned first, since 1t more closely resembles the Rocky
Flats situation with contaminated soil

Palomares
EXTENT OF CONTAMINATION

The accident at Palomares took place at 32 800 feet with
pieces of the plane falling over a very wide area Plutomum
was released by the non-nuclear explosions of two bombs

A total of approximately 558 acres was contaminated A
total of 5 4 acres had an alpha contamination of more

than 700 000 d/m/100 cm? (See Appendix D for simph

fied conversion to other common units found in this report )
An area of approximatelv 42 acres showed contamination ot
between 700 000 and 70 000 d/m/100 cm? and the rest
some 511 acres showed contamination of less than

70 000 d/m/100 cm?® More than haif ot these 511 acres
were contaminated to less than 7 000 d/m, 100 cm’

DISPOSITION OF CONTAMINATED SOIL

The disposition ot the contaminated soil s summuarized 4
tollows

DISTRIBUTION OF PLLTONIUM ON THE SLRFACE
IN THE VICINITY OF THE PALOMARES ACCIDENT

Initial Plutonium Contamination Area

#1100 cm”™  mGykm?  d/m/100 cm acres  Disposition

>0 32 >32 000 >700 000 54 Surfacesod (23 )
removed and buried
at Savannah Ruver

0320032 32 000 700 000 424

3 200 70 000 Deep plowed

watered and some
vegetation removed

<0032 <3200  <70000 si1°

De tectable 558 Deep plowed and

watered

3From one report 1t could be concluded that this soid was also
removed to Savannah Ruiver for burial but this does not seem
likely when we analyze all the reports on this topic

l"Rather more than half is less than 0 0032 uCi1/100 cm?
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The removas ot sotl ttom 1« S 4 acres where the activn
was hughest resulted in 1100 cubic vards ot sol which were
buried at Savannah River 1r the same manner as other fow
level radioactive material (To help gain a perspective the
soil buried contained about 10° to 10* times the amount
of plutonium tound n the remaining area } Also removed
from the site and buried at Savannah River were about

400 cubic vards of vegetation 1t was planned imuallv to
deep plow onlv 300 acres ot land having low but dis
cernible amounts of contammation However the operation
was found to be so eastly performed that the area was ex
tended to include an additional 558 acres Plowing was
done 10 a depth of approximately 10 to 15 inches, the

sotl was pnmanly sandy although some places were rocky
This process reduced the surtace contamination in this area
to undetectable amounts and 1t was concluded, essentially
ehminated significant resuspension of plutonium into the air

The total cost for the operation 1n Spain has been estimated
as 50 million dollars This does not include the political
and public relations “ cost  of the incident

A comparison can be made between the quantities of
plutonium found in the soil at Palomares and the amount
found in the vicinity of the barrel storage area at Rocky
Flats This comparison should be considered only an
order-of magnitude comparison since details of soil sampling
at Palomares are not available to us An assumption 1s
made that the reported results from Palomares are from
surtace sampling only At Palomares soil was actually
removed (and shipped to the United States for burial)
where contanunation levels were greater than

032uCi 100 em® (32 000 mCi/km?)  All soul con
taining measurable contamination up to the value ot

0 32 uC1, 100 cm*® was deep plowed Data from the
HASL Report 235 indicated that the two hottest

spots found at Rocky Flats were east ot the barrel
storage area These spots (indicated as sites 6 and 8 in
HASL Report 235) contained totals of 2000 and

620 mCy/hm~, respectively in the 0-20 cm depth  Of
the total plutonium reported from these sampling sites
1320 and 415 mCi/km? were reported as occurring 1n

the 0 5 cm depth Rocky Flats Health Physics Depart
ment sampling and analysis give results 1n excess of

3000 mCi/km?® on AEC land The highest 1socurie
contour that extends on private property surrounding
AEC land was found to be between 400 to 1000 mCi/km?
The plutomum contamination levels of concern at Rocky
Flats are substannially below those levels at Palomares
where soil removal was deemed necessary

CURRENT LEVELS OF CONTAMINATION

Sampling of the soul has been done on a yearly schedule

in the Palomares region since the accident 1n 1966 Core
samples are taken in areas that had varying initial contamr
nation These cores are divided into segments of 5 to 10 cm
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tor atotat depth ol 45 an The condusions reported at o
conference n {968 dre as follows

1

In the area where the 2 3 inch laver of contanunated soil
was removed and sent to Savannah River the contamina-
tion s nil

In the areas where there was deep plowing contamination
has been tound to a depth of 13 1nches  Generally
hughest contanunation levels were found between 6 and
10 inches down but there was a verv unhomogencous
distnibution of the contammation

The maximum average value of apha activity tound in
the areas studied 1s approximately 50 tmes higher than
the minimum value of natural alpha activity tound in the
background soll in the ared

A network ot tour air-sampling stations wis sct up within
the accident arca A samplers were placed 5 S teet above
the ground They operated 24 hours a dav throughout the
year Cellulose filters wath 4 pore size ol 1 2 microns were
used for the sampling  Gross alpha as well as 2*?Pu content
were dctermuned on the filters  The results ol these an
samples were reported at meetings i 1968 and 1970 They
are summarized as follows

1

Activity has been found at all sampling areas Thas
means that some radioactive matenal has become resus
pended However removal of the most contaminated
surtace suil and the dilution ol the remaindet by plowing
has proven effective in reducing the men value tor 22°Py
in the air 1o levels consistenthy helow the pernussible

maximwim

The 23%Pu concentration m the air was normally less
than 0 ! of the maxumum permissible concentration (MPC)
for the general public (The MPC used was from the
“Radiation Protection Norms  of the Furopean Nuclear
Encrgy Agency revised edion 1968 For insoluble
compounds of 23®Pu n air for the gencral pubhic, 1t 1s
1072 yCi/cm® for soluble compounds 1t 1s 6 X 107
uCi/cm?®  Although the plutomum compounds are
known to be insoluble plutonium dioxide the soluble
compound hmit was used to provide a guarantece of
maximum safety ) Concentrations exceeding O 1 the
MPC were recorded on only 7 occasions, two of which
cxceeded the MPC Both of these values did not exceed
01 of the MPC for insoluble 23° Pu compounds, however

On days when maxunum air sample values were found
the winds 1n the area had speeds of between 7 and 13
miles per hour
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Since the weather can intluence the b havior of plutonium
in the sod 1t s interesting o compare ~amtall wind
velocity and temperature at Palomares with those at Rocky
Flats This s tabulatcd as 1ollows

Palomares Rocky Flats
Mean annual ranfall 7 9 nches 14 4 inches
Mean annu il temperature 64 8= | 4 49 0° F
Velocity of most frequent
strong wind gusts 43 mph 40 mph

Although Rocky Flats has a higher raintall and a lower
temperature the weather conditions are not extremely
different

Thule

The acadent at Thule was different trom that at Palomares
in that the bombs came down with the plane and were n
volved 1 a firc which was fueled by JP4 jet fuel Also
there was no sotl involved just ice and snow

Contanunation was spread over a drop-shaped area of 26
acres with the distribution n that area as shown i the
tollowing tabulation

DISTRIBUTION OF PLUTONIUM ON THE
SURFACE IN THE VICINITY OF THE THULE CRASH?

Initaal

Plutonium Contamimnation Area
uC1/100 o? mCifem? acres Disposition
27K 27776 X 10° 0 49 Crust and packed
130 13969 x 10° 223 snow removed to
9 912 X 10? 343 an average
3 295 x 10° 34s depth of
1 93 x 10° 512 4 inches

"Fxcludmg plutonium picked up on awcraft debris and that be-
yond blackened e area

When fuel burned, a blackened area was produced on the
snow Approximately 99% of the total plutonium found
(3150 + 630 g) was within this biackened area

Thus black crust contained unburned jet fuel 1t was esti
mated that as much as 18% of the fuel remained unburned
Sedimentation studies showed that up to 80% of the plu-
tonum was associated with low specific gravity debns that
remained suspended in this jet fuel This debns included such
things as metal, glass and nylon fibers, plastic, rubber, and
tlecks of paint  The plutonum itself was in the form of
oxade particles with a very wide size distnibution
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Core sar ~ves o the e indicatad that on the average

13% o1 the towdl plutonum was m the (op 2 mches 36«
in the to~ 4 indhes and 4577 an the top 6 nchies Abou.
159 was ir the bottom 10 inches and the rumaining 40/
was distripu.ed between 6 nches trom the top ana 10 1ach s
trom the bottom  The total ice thickness was 34 inches
The plutonum was distributed throughout the 1ce be
cause the e was fractured on impact of the plane with the
ie 1t subsequently refroze It was estimated that there
was a total of 350 grams of plutonium in the fracturcd 1ce
area (aporox;matclv 0S5 acres)

A radiological survey made soon after the acuident
showed that most of the plutonium was confined 10 4
hmited area  After the debris of the crash was removed
another suney showed that the only sigmficant plutonium
contanunation was confined to the snow and ice of the
area where the fire had taken place
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To dot rounc it cadioactiviny had been spread via wind over
large distance s samples were tahen from awrplanes bound
tor Thule vr nassing acruss Greenland on ordinarv traffic
routes  None ot these samples showed activitv above back
ground The same was tound tor snow samples taken at
places tar trom Thule

Contamination was removed bv removing the contaminated
snow — approximately 9000 cubic yards — and storing 1n
empty steel fuel containers The radioactive water was re
turned to the United States

The amount of plutonium found tn the ice was deemed
low enough that dilution by melting would reduce 1ts
concentration to sate levels This melting was hastened
by covering the area with ¥k sand

Lo MV &
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7 RESULTS AND EVALUATION OF ROCKY FLATS PLUTONIUM SOIL SAMPLE ANALYSIS

Four Ditterent Agencies Have Conducted Sod Samplin. and Plutonium Analvsis in the Soit S. rounding the Rockv Flats Site

Remaths

This 1s not a state sanctioned agencv, but rather a group of interested
anzens The actual work was performed =v E A Martell and S E Poet
ot the National Center for Atmospheric Research Copues of a report by
this group were mailed on Januarv 13, 1970 to the following

E B Giller Director DMA-AEC Lloyd Joshel, General Manager, Dow
Rocky Flats A R Tamplin, UCLRL Wnght Langham, LASL, J H Harley,
HASL R J Engelmann DEM-AEC H P Metzger, President, CCEI,

Later this report was released to the press and copies sent to the Governor
of Colorado The data trom that report are not inconsistent with other
findings and were used 1n constructing * models™ of plutonium sod
“contours ' constructed by Rocky Flats

Agencv - | Colorado Committee on
Environmental Information (CCEl)

Remarks

These soul analyses data were consistent with the findings from this study
by Rocky Flats The soil analysis data were used in constructing the
“model” of plutonum soil contours A siatstical analysis of the data from
this report 1s found 1n Appendix B The HASL authors took considerable
hberty in constructing their plutomum sou contours and also 1n making
thetr estimates of total plutonium found in the soii  The vajues for total
plutonwum calculated from the Rocky Flats studv are somewhat lower

than those estimated by HASL

Agency - 2 The Health and Safety
Laboratery (HASL), USAEC

Agency - 3 The Rocky Flats Health Remarks

Phvsics Department Sampling and analysis specifically for plu onum 1n soil began
in August [969

Remuarks

Therr techmique of taking a large number ot samples from a large area
and combining prior to analvsis, rendered their data inappropriate for
of Public Health g prior 10 Pprop

inclusion 1n the “model’ constructed in this study However, analysis
shows the data they reported are consistent with the findings of the
Rochky Flats study

Agency - 4 The Colorado Department

The first soil samples were taken 1n August of 1969 by The other 15 samples were taken beyond the Rocky Flats

Rocky Flats Health Physics Department  The sampling region and were not considered

continued through June of 1970 A total of 99 sites ex

tending as far as 10 kilometers (about 6 miles) from the The 135 soil sample sites were located by markers on a

plant were sampled In August of 1969 The Colorado large contour map of Rockv Flats. The radial distance
Commuttee on Environmental Information under of each site from the barrel storage area was determined

E A Martell took samples from about 18 sites Finally, by measunng the distance between each marker on the map

1n February of 1970 The Health and Safety Laboratory and the barrel storage area then using the scale division of
sampled and analyzed sou from 33 sites Only 18 of the the map As a result radial distances in kilometers were

33 HASL samples were evaluated for this study The obtatned to correspond to the soil sample analyses in mCi/km?
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The sod sample dita were avaluated primaniy to detcrmine
it speaitic fovels ot plutomum sctivity could be Caiculated
It was also necessary 1o determine whethier or not the sol
sample duta could be processed tor meaningtal resalts A
theoretieal nasis tor the study was a modd construcid
mathematcallv to represcnt observed data

Results

Figure 7 1 gives the first esumate of the dispersion of plu
tonum tn sosl over the Rockv Flats area and over land

east of the Rockv Flats plant  The 1socurie contour hines
gve changes in plutomum activity continually from the
2000 mCi/km? level to the 13 mCi/km? level 1t can be
seen that plutonium concentrations greater than 350
mCi/km? or 77 8 d/in/g dry soil (disintegrations per minute
per gram ot dry soil) cross the Rocky Flats boundarv into
private property

The 1sodose contour lines were constructed in the following
manner First the contour map of Rocky Flats which con
tains all ot the soil sample locations was divided into
sectors The sol sample data for cach scctor were curve
fitted using the method of least squares  Thus resulted 1n 4
mathematical expression for ecach sector which gives the
activity ot the plutonmum in the soil as a tuncuon ot radal
distance from the barrci storage area  Specitic levels ot
plutonium actvity such as 2000 mCi/km? (444 4 d/m/g
dry soil) tollowed by 1000(222 2) 400 (88 9), 350(77 8)
100(222) SO(11 1) and 20 mCi/km? (4 4 drm/g dnv

soi) were selected The radial distance of each acuvin
from the harrel storage arca was then computed tor cach
sector of the map  An arc was struck across the sector at
that distance and a center poing was located on the are The
center points were then connected with a smooth but
reasonablv accurate curve tor the level of actuvinn desired

Additional Data

The most unmediate result from having constructed the 150
curie contour lines was the need for additional sod samples
to be taken east of the Rocky Flats plant In December of
1970 after an interval of five months The Rocky Flats
Health Phy sics Department sampled and analyzed soil
from 38 new sites The samples were taken on pnvate
property between the Rocky Flats boundary and Indiana
Avenue and on both sides of the access road leading to and
from the plant Radial distances from the barrel storage
area were determined and the new analytical data were 1in
corporated 1nto the model for 1socurie contour lines Asa
result the 1socurie contour hines were recalculated using 173
sou sample analyses Figure 7 2 shows the most accurate
outline to date of plutonium in soil 1n and beyond Rocky
Flats
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From companson o the isocunic contour lines in Figure 7 1
Lo outermiost contours to the east and southeast anpear not
to have chanecd  In contrast to the outer levels the regions

which are described by levels ot plutonum acuvity trom
2000 1 C/hme to 30 mC1 hkm? (trom 444 4 d/m ¢ dn
soif 10 77 8 d mg dry soil) show a shight easterly migration
it 1s telt that the nugration mav be due to the gradual
disstpation ot plutomum contanunation which 1s near the
barrel storage area The area within the 2000 mCvkm?
contour which shows activities greater than 2000 mCi/km?
did not change significantly  This mav mply that the release
ot plutomum from the barrel storage area 1s now negligible
1t 1s also possible that the gradual dissipation of plutonium
from within the 2000 mCi/km? contour may cause con
tinued dispersion of plutonium at reduced activities
particularly within the 1000 400 and 350 mCy/km® con-
tours

In general the contours were less extensive n everv direction
except for two localized regions of plutonium actuvity

The first has alrcady been described (the 1000, 400 and 350
mCi/km?® contours beyond the Rockv Flats boundary)

The second 1s the protruding finger of plutonum activity

in Sector 1 A of Figure 72 The activaty resulted trom a
relatively high value reported 1n a soil sample taken near
Walnut Creek juSt north of the plant The protruding
contours did not change significantly from the imual study
but appear exaggerated because the contours in the adjacent ‘
sectors dre less extensive

To better detine the present 1sodose contour hines additional
soil samples will be taken on private propertv southeast ot the
Rocky Flats boundan tow ard Standlev Lake and the upper
and lower Twin Lakes  Also soil samples will be taken just
north ot the Rocky Flats plant near Walnut Creek which 1s
northesst ot the plutonium process recovery complex on
Atomie Energv Commussion property

Quantities of Plutonium

The burden ot plutonium 1n soil 1nside and outside the
Rocky Flats boundary was determined mathematically by
applying integral calculus to the equations used to project
plutonium activity  The total quantity of plutonium 239
dispersed in soil other than that contained by the asphalt
pad was calculated to be 14 3 £ 2 0 grams  The dispersion
1s over 8 35 km? of land (2063 acres) The quantity

of plutonium-239 inside the Rocky Flats boundary 1s

6 7 + 04 grams over 2 72 km? of land (672 acres) The
amount of plutonium-239 on public and private property |
1576 %1 8 grams over 5 63 km? of land (1391 acres) The
quantities of plutonium were calculated by integrating the
areas between the 2000 mCi/km? contour and the 13
mCi/km? contour The 13 mCi/km? contour was the
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nummum lovdd considarad . O ntoues bovond this feved

wiadudly sosch bacheround v ndi s thout ) mCr ki

The smaount of plutomum wi (h was deposited on the soll
of the barrdd storage ared 1s csamiited to be about 85 21 iy
Considenng the maximum quantity of plutonium that may
have been dispersed 1t 1s possible that sbout 80% of this
amount of plutonium s stli at the barrel storage 1rca

A comparison ot the quantities ot Pu 239 per scetor of
the outhne 1n Figure 7-2 shows that Sector 3 B hus the
greatest burden of plutomum per hkm? ot land  The
value 15 3 85 #0 91 gmsfhim- Scetor T A contuns
312 $094 gms/hm?

As a tin i estimate of the quantity ol plutomum which s
dispersed n soif east ot the Rockv Flats boundary the
burden of plutomum per contour ourside the boundary s
wven in Table 7-1

Table 71 Quantities of Plutomum Per Contour Outside the Rocky
Flats Boundary ®

Average**

Activity Pu 239 Arca d/myg
m mCi/km m Grams n hm Drv Soi
2000- 1000 029 +002 002 198
1000-400 128 Qo ot} 131
400 350 032 o0} 0 0% 87
350 100 110+ 0%~ I 06 30
100-50 126+04r 109 16
5020 103 0Ff 1 9s 7
20-13 034 +0:2. 130 4
131 —_— - - Qe
TOTAL 76 20

*1n the calculations that comy ¢ the plutonium anatsy tical dats
from d/m/em 10 quantity o ~fulomum 1 K rams 10 1s assumed
that we are looking at the ¢ ure plutonium 239 notope Because
of the distrshutton of 1sotopes in Rodky Tsts plutonum the
radsometric caunting data wiil vieid shightly fivher values  This
sssumption that we are making in the cafcuiations of the totaf
plutonium inventorv will gine a result in grams that s shighth
tugher than the actuai gram-auantsty tound in the sod

** Assuming a4 density of drv sud of 1 gmfcm’ and a soil sample
depth of | cm

***Background plutonum actinity 1s considered by the Rocky §lats
Health Phvsics Department 1o be 0 2 d/m/g dry sod  The
Colorado Department of Health has on record a background
activity of from 0 04 d/mfg to 0 11 d/m/g drv sinl  Sce
Appendix B for an estmate of background using the HASL datg

How the Dispersion of Plutonium in Soil was
Estimated

The method of least squares’ was used as 4 means to pro
ject plutonium activity given a set of soil sample data  The

Numerical Methods and
New York

lD D McCrackenand W S Dorn
FORTRAN Programming John Wiley and Sons inc
1964 p 262
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techmique consists of dernvme o mathanatica cauation toe
avpross the sol sample cesubts This s done st solectmg
a general cquation which gives the dosaee d as o tunction ot
radial distance 1 The constants ot the equation are solved
using the data Then theoretical calculations are made and
compared to the actudl values ot d  The difterences between
the theoretic d und cxperumental values are tabulated tor a4
measure of how well the equation works

To demonstrate the etlcctivencess ot the method consider
the hincar equation

d = a + br. (1

We wish to use Lquation (1) to curve fit a set of soil
sample data From applytng the method of least squares
to kquanion (1) normal equations in the form of

a « n+ bIr, = 1d,

and
arr, + brr? = Zr,d, )

can be derived  Here a and b are the constants to be solved
r, and dl tomr=1 2 nuare the radl distances 1n kilo-
meters trom the bairel storage area and the radwactive
dosages m mCi/km? respectively and n is the number ot
samples  Solving Fquation (2) for the constant g results with

a £rffd, - gr,%r,d,
nzr; - (Zr,)*
and tor b
b = HZI'. d! - ZI‘, Zd.
nrr{ - (Cr,)-

Now Eguanon (1) becomes meaningiui in that the

constants have been determined from the vartous summations
and products of the soif sample data  Fquation (1) can be
used to project plutonium activity bv simplv computing the
distance to correspond to some value d  Linear tunctions
however do not readily express sotl sample results  There
tore mdny possible equations including noniinear functions
which are solvable by the least-squarcs method were tested

Table 7 2 gives the equations which were programmed and
uscd 10 a digital computer to curve fit soil sample data The
results werc 1immediate  Four hyperbolic equations (those
equations indicated by an asterisk) were selected by the
computer to be the most effective equations By evaluating
discrete sets of data, hyperbolic equations were readily
derived for the dispersion of plutonium 1n soil  Sets of

soil sample data were obtained by dividing the sod sample
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map of Rocky Hats mto scctors Thas htad the nuimbe
ot pomtsin a set of data In this manncr ihe tomud thic
problem of cvaluating over hundred d it pomts all
once was avorded  Also s will be seen the use of
sectors made the mtegration tor total quantities ot ply
tomum quite simple

Map sectors were made by originating lines at the barrel
storage ared then extending the hines across the fuce ot the
map The sive of a sector was made to depend upon the
dispersion of the points and to more or less tollow 1 specific
direction e.g Sector 1 1s the northern sector 1t the
number of points 1n a sector were 100 numerous or the data
too poor o successfully determine a workable cquation
then the sector was subdivided into two parts and ¢ second
attempt at curve fitting the data was made The hyperbolic
equations used to construct the 1sodose contour hines
shown n Figure 7 2 arc summarized in Table 7 3

Table 72 Equations Programmed to Evaluate Soit Sample Data

1 unction Tvpe Results
d=a+br linear poor
d=a*hrv parabohe poor
di=a+br parabolic tejected
d=a+br+cr? paraboli poor
d=a+br's cubical parabolic poor
d}=a+br Lubic reected
d=a+bl‘ Judrtic poor
d*=a+br quart regected
d=a+b tn(c+1) logarithmi poor
d-a+b in(r) loganithmic poor
d=1/ {a+b In(r)] inverse logarithmac poor
d=geb" exponentual poor
d=aebr2 exponential poor
d=aebf r? exponential poor
d=ela+breer?) exponential poor
d=aeb/r exponential posstble
d=aebrpr exponential possible
d=aebr’ It exponential possible
d=arb hyperbolic possible
d=a+b/r* hyperbloic usable
d=a+bfr? e hyperbolic usable
d=a+bfr®e hyperbolic usable
d=a+b/r*e hyperbolic usable
d=1/(a+br) hy perbolic poor
d? =a+br? hyperbolic rejected
d=r/(b+ar) hyperbolic poor
d=r/(a+br+cr)? - poor

*The most effective equations

RFP-INV-I0

Ascimho s cantrom Tible 7 3Sdhe vaduc of Koo the 2onerd?
U ton

d =2+ —

a1

iseither 1 2 3 or4 The value of k 1s data artented to
give the best results  For example 1t soil samples which are
taken near the barrel storage ares show high concentrations
of plutonium and the concentrations diminish rapidiv with
soll samples taken turther away from the barrel storage area
then the dispersion of plutonium can best be expressed by
k=3 ork=4 On the vther hand 1if the concentration
dimunishes slowly and 1s considerable say at two kilometers
trom the barrel storage area then k =1 or k = 2 gives the
hest values of d - Finallv, if the dosage is so isigmficant
that d does not appear to incrcase or decrease over a given
radial distance r thenk = |

Table 73 Piutonium Activity d as a Function of the Radial Distance
r from the Barrel Storage Area per Sector of the Contour
Map of Rocky Flats

No of General Direction
Sector Fynction Ponts of the Sector
i A d=73/t* -7 s N
1B d=11/r4 3 7 N
2A d=Sjr+6 12 NNE
2B d=106/r-60 7 NE
3A d=133/r*+11 17 FNF
3B 4=689/° -32 15 4
44 d=as iy’ -0 15 L
4K d-2751% -9 1 LSF
S d=363 -4 1 SL
6 A d ISt - 6 sr
o B d=133% - 23 s SSE
- d=23/"+a i S
8 d-=re? 3 9 S
9 d-i1xte 12 SHW
10 d=1/r+ 8 W
" d=18/r 2 7 W
12 d=t1/rv1 13 Nw

Considerable effort was spent in determining the value of k
and hence, the hyperbolic equation to use for each sector
of the map Thus 1s due to the fact that soil sample data

are complicated and difficult to evaluate In all cases
calculated values of d were compared to the actual soil
sample results By assuming that high concentrations of
plutomum are limited to a locahized region and that the
dispersion of plutonium 1n sod dimimishes with greater dis-
tances from the barrel storage area 1t was possible to select
the value of k based upon the nature of the data The
activity of the bariel storage area which was estimated to be
about 3 7 X 10° mCi/km? was also used as a point source to
determine k
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How the Effectiveness of the Curve Fitting Method
Was Estimated

The addittonal soil samples provided by The Rocky Flats
Health Phvsics Department were used to estimate the
etfectiveness of the curve fitting method This was done
by comparing projected values of dose to the actual soil
sample analyses Table 7-4 aives the results tor all 38
samples It can be seen that some of the larger doses were
underestimated by the model used previously while at

Table 74 The Comparison of Projected Plutonium Activity to
Actual Sod Sample Resuits

Value Using

Map Dose 1n Projected the Present

Site No mCi/km? Value* Error Contours**
B-107 13972 769 8 -6274 1050
B-115 7722 4006 S -3657 546
B-116 564 8 394 9 -1699 362
B-110 4144 4188 44 380
B-108 3694 769 8 400 4 703
B-109 3244 3684 440 338
B-10S 2624 3419 79SS 181
B-117 2529 244 3 -86 2213
B-106 2120 428 1 216t 242
B-126 1994 612 -1382 Sh
B-113 1278 201 9 741 92
B-118 1120 3327 2207 301
B-121 1030 100 < =25 89
B-114 76 O 229 S 183§ 514
B-104 738 122 -6t 6 41
B-125 56 7 507 -6 0 65
B-t20 558 100 4 44 6 94
B-ti2 s4 9 1920 1371 87
B 124 49 0 49 s 0-s 62
B-127 450 612 16 2 58
B-128 128 690 36 2 56
B-iit 26 1 64 -197 27
B-129 21 6 728 st 2 63
B-130 117 278 16 1 14
B-131 114 289 175§ 14
B-132 111 302 191 14
B-133 t1o 309 199 15
B-138 109 46 0 s 1 38
B-134 108 318 210 18
B-136 108 26 3 155 27
B t37 108 259 151 26
B-135 107 268 16 1 27
B-123 86 532 4 6 22
B-119 76 81 S 739 32
B 102 12 54 -1 8 8
B-103 S8 88 30 9
B 122 36 424 388 18
B-101 32 34 02 8

¢ Based on model using data obtained earlier
**This model uses the additional sod sample data along with that
obtained earher

RFP-INV-10

_wes were overestimgted  The

the sune ume the snaillc

h Y

profected wuvity amountee to g 7 2
dotual actnvaty Using the sdditional soil sample analvses
dlong with those obtaied 2arhier the recalculated 1sodose
contour hines now show ar increase ot onlv 3 2% over
the additional soil samples

tnerease over the

In evaluating all of the soi sample data, which follow

Table 7 6 an attempt to simulate the natural conditions
which spread plutonium in sod was not made Wind direc
tion and velocity were not considered, neither were natural
washes 1n the toothills which dilute or accumulate plutonium
concentrations The source of plutonum in the soil was
assumed strictiv to be the barrel storage area Other sources
such as stack effluent, world-wide plutonjum fallout, and

the September 11, 1957 fire were not considered

How Quantities of Plutonium were Determined

The quantity of plutonium between two levels of plutonium
activity was determined by 1ntegrating the arca between

the two levels The levels were drawn by first sclecting a
spectfic activity for each level with one level being closer

to the buarrel stotage area than the other Figure 7-3 shows
the two levels for any sector of the soil sample map of
Rockv Flats The element of area dA between r, and r, 1s
the arca to be integrated Regarding the element of area

dA as a rectangle its area will be the product of a pair of

Figure 7 3 The Element of Area dA 1n Polar Coordinates.

-p——Barrel Storage Area
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idiace et sides sav di omd rd€ where d0 mdie tos the s
of the seoran The result

dA = rdrds. (3

Interranuin. Equanion (3) with respect to dr and d0 gives

8 T,
A= f f rdrds
o Jr,
o e
‘A = E (rg - rf)! (4*

where 1 = the angle between cach side ot the sector
The area A will be m units of km?

To deternune the quantity of plutonium over the area A
the integrand of Equation (4) 1s modified to contain the
hyperbolic tunction which gives dose as 4 function ot radial
distance It 1s stated as

8 T, )
Q =f f f(r,e)rdrds, )
o ry

where Q = the quantity of Pu 239 i mullicunies  Using
the actual hy perbolic equation Equation (5) becomes

& ~r
Q=ff2<a*3‘->rdfd%
(o} r, r
o1
r.

) 2 rdr 2a - 5
Q = “b./; rraii -2—-[(1‘2 - Iy )] (61*

1

The are o cach sector wasntegrated from the maxy num
plutonr 1 actvity ot 2000 mCr km™ to the nummum plu
tonum sctnity of 3 mCuhm? - The partiat auantities of
plutonum were then summarized tor the totdl dispersed
over the area of the contours 1n sod surrounding th2
Rocky Flats plant there are 14 3 grams ot plutonum 239
The quanuny of course extends from the 2000 mCi him*
level The area affected 1s 8 35 km* or about 2063 acrcs

The integranion was extended to determine the quantitv of
plutonium inside and outside the boundary of Rocky Flats
These calculations give the burden of plutonium in soil on
public and private property Figure 7-4 shows a sector being
divided bv the boundary

The area inside the boundary was determined by subtracting
the area of the shaded trangle from the element of area

dA The tnangle was formed by striking an arc at the
junction of the boundary and one side of the sector

®* Programmed for the digital computer
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I—(barrel storage area)

Figure 4 The Element of Area dA Dwided by the Boundary of
Rocky Flats

The arca ot the shaded tnangle was determined from the
talculus  The fdrmala 1s

A, = x rdrds.

61 cos(2) (7)

Integritine Fquation (71 anves

2
I
(8)*

%2
2
where A = the area in km®

R = theunction radwss 1n kitlometers,

x = the perpendicular distance of the Rocky

Flats boundary in kilometers from the
barrel storage area

By modifying Equation (7) the quantity of plutonium in
the shaded triangle 1s determined by
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it

Zs R r
Qt = b ;E_ dr
X
o
1 cos (&
R ((”*
+ a rdr 5
X

COSZG;

The junction radius R the angles @, and 0, and the per
pendicular distance x are all measured tor a sector ol the
map Equation (9) theretore gives the quantty of plutonium
in the descnibed triangle of the sector By considering in
the same manner each sector that 1s divided by the Rocky
Flats boundary partial quantities of plutonium were de
termined inside and outside the boundary Finally the
partial quantities were suminarized The quantity of plu
tomum 239 mside the boundarv ot the Rocky Flats plant
from the plutomum activity level of 2000 mCi/km? was
calculated 1o be 6 7 grams  The area of land aftected 1s
272 km? which s about 672 acres  Bevond the boundan
on public and privite property up to the 13 mCifkm?® level
there arc 7 6 grams of plutonium over 5 63 km? of land
which is about 1391 acres

Of particular mterest 1s the quantity of plutomum within
cach speaitic contour cast ot the Rocky Flats boundarny By
using the elument of arca dA between individual levels

and consiaenng those segments of land that are divided by
the boundary partial quanuties of plutonium in cach secton
were summarized tor the total amount of plutonmum por
contour Table 7 5 unves the results

Table 5 Quantities of Plutonium 239 Per Contour East of the
Rocky Flats Boundary

Activity 239 Pu Area
in mCi/km? tn Grams i km?
2000-1000 029 002
1000-400 t 25 013
400-350 032 005
350-100 310 1 06
100-50 126 109
50-20 104 198
20-13 034 1t 30

RFP-INV-10

How Probable Error was Computed

The Cuculation of probable erior wis (ahen as a necessary
mMmaasure to daternune the masunum and mimmium quantities
ol plutonum m sl Probablc crror is determuned by the
varation m sou sample data and can he calculated directly
trom what s hnown as the normal law of error This con
cerns primdrily the standard deviation ot each of the least
squdres constants a and b of the general equation

d=a+%—.

From the defining equation for probable error® the standard
deviation S, of the constant a 15 determined by

r Y
z
r{¢

(10)*

-

and the standard deviation Sy, of the constant b 1s determined
by

3

wn
¥
i

- -

(1=

(]
Noj

Here r,and d, for 1= 1,2 n data ponts are the data points
1n the set of data

2A G Worthing and § Geffner “Treatment of Experimental Data
8th ed John Wiley and Sons inc New York 1959 p 249

* Programmed for the digital computer




The stanae d davations S, and Sy, aic combinad to o,
the masunum and numntum quantities of plutonsum n
sotl The thrmuba used is called the propaghtion of orr
cquanon and s e by

$2(Q) - (ﬁ) s

LP)*
da

Here ST (Q141s the vanance in the quantuy of plutonum
The parual derivative terms (8Q/d4) and (3Q/ab) are solved
by taking the parnal denvanves of

r r
2 2
SbJ/. rar eaJ/. rdr
r
r r

1 1

Q =

which 1s the expression for the quantity of plutonium in a
given sector of the soil sample map By the same token
the vanance S* (Q,) in Q, the quantity of plutonium n a
described triangle 1s given by

S2(Q,)
(13)*
= .a_.(_g_.l 2524_(_3_&_)_ 255
za . 3b
where
T R r
«of Lo _we
! cos (s
R
+ a « rdr] dc.
cos (5)

Finallv, the standard deviation S for some total quantity of
plutonium c g the total quantity of plutonium outside the
Rochy Flats boundary 1s determined by combining the

* Programmed for the digital computer
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tes walb ot the soctors con

Cartaneas of plutomum g
sidered This can be statee oy tollows

S = i[S2(Q1) + SE(QZ)

(14)*
K SE(Q«;) ,_...] % .

The calculations tor probable error ene the result Q £ S tor
quantinies of plutomum  This means that inside the Rocky
Flats boundary there are 6 7 £ 0 4 grams of plutonum-239
The burden ot plutonum outside the Rocky Flats boundary
on pubhic and private property 1s7 6 + | 8 grams The total
to be expected 1s 14 3 £ 2 0 grams of plutonmum-239

The mathematical methods used to determine probable

error arc based entirely on the soil sample data  No attempt
was made to consolidate the systematic errors to be ex-
pected from the radiochemical analysis of the sod nor the
error involved in determining the general location of each sou
sample from the barrel storage area For the calculations

for prabable error the soil sample data were assumed to be
unbiased and to tollow a normal distnbution about some
mean

Specific Activity, Density of Soil, and Conversion
Factors

The spectfic activity of plutomum 239 was used extensively
to (1) determune the activity of the barrel storage arcy

(2) convert dose tn millicuries to 1o1af quantity 1n grams

of plutonium 239 and (3) caleulate quantitics in grams of
plutonum 239 o correspond to the levels of activity in
mCi/hm-

The specific activity of anv radioactive isotope s detined
as g A where g 1s the numoer of active nucler per unit
weight of the 1sotope and A s the decay constant The
decay constant is given by 693/T where T 1s the a particle
half Life ot the 1sotope For plutonium 239 the specific
actvity 1s calculated to be

SP Actgyze = g+ X\

6.02x1022,
239. 052

.693
2.436x10%

yr
3.156x107 sec

X

yrs

= 2,270x10




The acuvity ot the barrdd storage area was dorermined and
used as a pomnt source to taalitate the evaluauon of soud

sample data  From an estimate ot the contaninated wastc
that was ance stored 1n barrels over the arca the amount ot

plutonium lost 1s considered to be about 85 grams Con
sidering the myjor 1sotope (Pu 239) the activity of the
barrel storage arca in mCi/km? becomes

Sp

aap <|2:27x10°das ][ 85 gms
gm sec 380x400 ft>
« [ mC1 ft?
3.7x107dis/sec| |9.29x10"®km*

=~ 3.7x10° mCi/km=.

Quanuties of plutonium 239 in millicunes can be converted

to quantities in grams by the relauonship | gram = 61 35
mullicuries Thus 1s determined by

2.27x10%d1s
gm sec

Sp Act_;e

-

[ mC1
3.7x107dis/sec

-

]

Measured concentrations ot plutonmum n sosl are given 1n

units of d/m/g dry soil or disintegrations per minute per gram

of dry soil To convert from d/m/g dry soil to units of
activity per area or to millicuries per square kitometer

the density of the soil and the depth of the soil sample must

be considered The relationship 1s

61.35 mC1/gm Pu-239.

_[1 as ] mC1
1 d/m/g = gm-min| 3.7x107dis/sec
Fm1n 101° cm? ph
X 160 sec km®
or i )
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where  p = the densiny

aid h = the depth i the soil sampie in centimeters

To convert the soil sampte analvses The Rockv Flats
Health Physics Department used a density of | gm/ cm?®
and a soil sample depth of 1 centimeter The additional
sod samples obtamned in December of 1970 were actually
taken to a depth of 1 cenumeter Previous sod samples,
however, were taken to depths ranging from 3 to 5 centi-
meters These samples were obtained between August of
1969 and June of 1970

The Colorado Commuttee on Environmentdl Information
used a density of | gm/cm?® and a soil sample depth of |
cenuimeter Their soll samples were also taken to a depth
of 1 centimeter, but 1n August of 1969

Finally The Health and Safety Laboratory USAEC used a
density of 1 2 gm/cm® down 10 a depth of 15 centmmeters
and a density of 2 4 gm/cm® below 15 centimeters For
the most part, the soil samples were taken to a depth of
20 cenuimeters > Appropnate calculations were made for
the changes 1n soil sample depth The soud samples were
obtained in February of 1970

The accumulation of plutomum 1s affected by 1ts vertical
distnbution 1n soll For the purpose of converting data

in this study and except for the HASL sod samples, the
dispersion of plutonsum was assumed to be within the first
cenumeter of topsoil

To demonstrate the trace quantities of plutonium that are
associated with the levels ot activity used in the study, the
levels of actvity were converted to grams ol plutonum
using the specific activitv ot plutonium-239, a so1l sample
density of 1 gm/em?® and a soil sample depth of 1 centi-
meter The results are given in Table 7-6

10

Table 6 Specific Activity in Grams of Plutonium-239

mCi/km? d/m/g dry sol Pu-239/gram of dry soil
2000 444 4 326%x10°
1000 2222 163x10°
400 889 6 sax10'*®
350 718 572x10°*°
100 222 163X10""
50 11 8 16x107"!
20 44 324x10'!
3

Flats Plant HASL-235, The Health and Safety Laboratory
USAEC, New York 1 August 1970

P W Krey and F. P Hardy *“Plutonium in Soil Around The Rocky
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Soil Sample Data « 22 13310 3180
G 23 ase 108

25 3960 880

The Rocky Flats Hedlth Physics Results ot Sod Sampies G 26 63 14
Taken August 1969 - June 1970 on Atomic Encrgy G27 81 18
Commusston Property G 28 396 88
G 29 1170 260

Pu Activity Pu Activity 1n G 30 72 16

Muap Site n mCi/hm? d/m/g Dry Soid G 31 86 19
—_— — G 32 26 1 58

1 207 46 G 33 108 24
G2 333 74 G 34 90 20
G3 \ 27 06 G 35 90 20
G4 131 29 G 36 59 13
Gs 176 39 G 37 32 07
Gé6 2709 602 G 38 09 02
G1 90 20 B 18 63 14
G-9 27 06 B 19 63 14
G 1o 180 a0 B 20 104 23
G-11 95 21 B 21 13 03
G12 50 11 B 22 63 14
G13 149 33 B 23 68 15
G ta 373 s 830 B 24 68 15
Gis 2128 5 4730 B 30 54 12
G 18 54 12 B 32 54 12
G-19 351 78 B 33 698 iss
G20 13770 3060 B 34 16 7 37
The Rocky Flats Health Physics Re sults of Soi1l Samples :’;Z ;: g;’
Taken August 1969 - June 1970 on Public and Private B39 81 18
Propertv within a Six Mile Raduus of the Rockv Flats B 40 36 o8
Plant B 41 0s 01
B-42 a1 09

B-43 99 22

B 44 27 06

Pu Activity Pu Activity an B 4s 122 27

Map Site in mCi/km’ d/m/g Drv Sail B 46 05 o1
I —_— - Ba7 54 12
B 38 08 B-48 36 08
B2 11 02 B-49 59 13
B3 45 10 B S0 36 08
Ba 43 06 BSI1 95 21
Bé6 23 05 BS2 176 39
B7 4 09 BS3 63 14
B8 0s ot B-54 32 07
B9 50 1 B-55 36 08
B10 18 04 B-56 378 84
B12 90 20 B-57 a1 09
B-13 18 04 BS8 207 46
B-14 0s 01 B S9 36 08
B-i5 17 26 B-60 50 11
B-i6 43 io B 61 90 20
B-17 279 62 B-62 20 7 46
B 1S 23 0s B 64 149 33
B-26 95 21 B-65 50 11
B-27 113 28 B-66 59 13
B-28 54 12 B-67 68 1S
B-29 50 11 B-68 63 14
B-35 23 05 B-71 41 09
B-36 0s ot B 79 09 02
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The Rocky Flats Hloalth Phy sics Resutis of Addimon ] Sod $r2T So 120
Samples Taken in December 1970 on Private Properiy h '3:’ AR ] 124
east ot the Rockv Flats Plunt brez 9 122
Hi124 49 0 109
Pu Adctivity Pu Activaty ir 27 450 100
Map Site i mCi/km d/mye Dreyv Soil #1128 328 73
D EEE— _— B 261 . 58
8-107 13972 3105 B129 216 - 48
B11s 7722 171 6 B 130 17 26
B-116 564 8 125§ B 131 ia 2s
B110 4144 921 B 132 11 2s
B-108 3694 821 B 133 1o 24
B 109 . 3244 721 B138 109 24
B-105 2624 58 3 8134 108 24
B-117 2529 56 2 B 136 108 24
B-106 2120 471 B 137 108 24
B-126 199 4 443 B13s 107 24
B-113 1278 284 B 123 86 19
B-118 1120 249 B-119 76 17
B 121 1030 229 B 103 72 16
B4 76 0 16 9 B-122 le o8
B-104 738 164 B 101 32 07
The Colorado Commuttee on Environmental Information The USAEC Health and Safety Laboratorv Results of Soil
Results of Sl Samples Taken in August of 1969 on Public Samples Taken n February of 1970 on Public and Private
and Private Property within a Seven-Mile Radius of The Property within a Seven-Mile Radius of the Rocky Flats Plant
Rochkv Flats Plant
Pu Activity Pu Activity 1in
Map Site n mCi/km? d/m/g Dry Soud
Pu Activaty Pu Actwvity in - - -
Map Site wn mCe/km” dfm g Dry Soil R 24 <0t
- [ I R2* 31 <01
A s 8 13 R 3 42 <ot
B 608 118 R4 1o o1
C 04 01 RS* 150 o1
D 06 01 R6* 1950 0 16 0
t 13 03 R 7e 480 0 32
] 13 03 R & 6300 -
¢ 14 03 R9 26 <01
H 06 01 R 11 54 <ot
1 77 17 R 12 370 21
J 52 12 R 13 500 06
N a0 09 R14 170 <ot
L 0s 01 R1S 180 ot
M 17 04 R17 140 01
u 15 03 R 18 20 <ot
v 24 0s R 19 80 <ol
W 02 <01 R 21 27 <01
X 08 02
Y 19 04 * Samples taken on Atomic Energy Commission Property
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8 CURRENT RADIATION LEVELS IN THE
OIL STORAGE AREA

A gross gamma survey wds pertormed on the entire surtace
of the asphalt pad Data trom this survey were converted
trom relatine radiation intensities into integers and trans
posed to a graphic scale tor evaluation Based on the results
obtaned by the gamma survey, four areas were selected for
excavation soil sampling and analysts of the samples tor
radioactive contaminants

7
For the ¥ rav mapping tour 4-nch by 2 inch Nal(Tl) de
tectors arranged 1n a horizontal array on 18-inch centers
were suspended from the rear of an IHC Scout With
detector faces approximately 3 inches from the ground, the
detector output was monitored and recorded via a ratemeter
strip-chart recorder and the vehicle traveled at a slow and
constant speed The entirte Pad was scanned 1n 6 foot
increments with a9 to 10- inch overlap on cach pass

The strip-chart recorder data were reduced by dividing the
relative readings into integers from one to twentv-five and
transposing these integers to a scale graph  The relative
gross-gamma profile thus obtamned is shown in Figure 8 1
The numbers represent onlv the relative gamma-ray readings
at the pad surtace Each integer increment on the tigure
represents a change in counting rate ot 1 to 2. Asseenn
the figure several highlv locahized areas (shown in red) were
found which showed v-readings signiticantiv above the
general background Two of these labeled 17 21 and
25 an Figure 8 1 were deemed  hot spots  that s
showed acuvitv levels > 157« above the general backhground
Another siznificant teature of the protile 1s the large areas
ot similar activaty levels over the entire pad

Additional verification of these gamma activity levels

was provided by a survev pertormed by P H Dodd and

R F Droullard of the AEC s Geophysical Branch trom

the Grand Junction Office  Utihzing gammua rav analy

sis equipment 1n a mobile laboratory designed tor

uranum ore evaluation and modified for soil monitoring
this survey made measurements at the “hot spots,” at other
locations on the pad off the pad and north across the
street The measurements indicated activity fevels at the
hot spots to be at least twice those elsewhere on the pad or
off the pad Attempts to identity the source of the anoma
lies were partly successful Ratios of two gamma ray energy
ranges (1 00 to 2 80 MeV and 0 600 to 1 00 MeV) were
measured at several sites The results showed a ratio lower
by a factor of approximately 2 at the hot spots This s
interpreted to mean a shightly higher concentration of either
239py or 235U 1s contributing a higher percentage of low
energy gamma rays to the natural activity levels
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Table 8 1 Lab Analyses of Test Hole Sampfes

Wi oot Sampie 1 sl Wi t
Samypie (Lrams) firannim (S (k)
14 .2 7294 06 <0 01 0043
i42 7065 (V] <0.01 006
1424 6893 28 012 193
14 2% 6503 §7 007 11
1426 7334 42 015 31
14 27 7850 43 015 38
14 28 7797 41 014 32
1429 8242 41 014 3a
14 30 7056 34 oll 24
14 31 7520 26 008 19
14 32 7450 35 01Is 26
14 33 7162 20 009 14
~25 kg
1711 7805 08 <001 006
17 12 7978 18 007 [ )
1713 7750 26 010 20
1713 7585 10 004 08
t7218 7369 6 002 04
17106 7097 s 001 03
1717 76717 7 002 05
1718 73213 3 <0 0! 02
1719 6949 3 <001 02
~6 kg
Wt of Sample Plutomium Wt Pu
Sample (krams) pph Hg)
SW -~ 8378 001 0 084
SW 10 7833 le 282
SW s 757% 70 530
SW 20 63713 343 216
SW 24 1620 28 t9
~1047 ug
N3 T80Y 0003 0023
NC T T3IBN 0033 024
NC ™ 739% 074 55
NC 1O 7391 8} 81
SO 6582 089 58
~92 6 ug

To quanuitativelv evaluate the measurements taken on the
pad simular gross gamma readings were taken at the pad
and at several other site locations For these a single

4 1nch by 2 inch Nal(Tl) crystal was placed on the surface
and the counts recorded on a scaler-imer unit  The new
parking lot east of 111 Building, the 750 Building parking
lot and the asphalt in front of the 881 guard post gave
stmilar readings ot 13,000 to 16 000 counts per minute
Furthermore, the asphait n all areas including the pad
counted 25 to 30% higher than nearby shoulder or

gravel areas Pad readings were 1n the range of 15,000 to
16,000 counts per minute with the exception of areas near
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Figure 81 Results Of Gamma Survey Of Asphait Barrier Showing Relative Values (See text for explanation )
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and on the  hot sputs  Theretore the gamma protile ot
the pad indicates a general luvel of actinty ssmilur to other
asphait areas  That the asphualt appcears to be 23 307,

hotter than nearby gravel surtaces may be due to a
concentration of naturdl uranum and/or 1ts daughters
which occurs during the asphalt production process It s
known that the front range shows a hugh natural uranium
content 1n the soil  Also it 1s noteworthy that highwavs
offsite in this area show vy-ray readings simtlar to those
found on site Thus with the exception of the ‘hot
spots ' on the pad 1t appears that a sensitive measurement
of the asphalt thickness may have been performed

Following the y-ray mapping, the two “hot spots were
v-ray pulse-height analyzed in an effort to determine
whether or not the activity detected was emanating from
23%py or natural/enriched uranium These efforts were
unsuccessful If plutonium or uranium were spilled on the
onginal ground layer the ¥ ray emissions would have to
penetrate 6 inches to 8 inches of gravel fill plus 3 inches

to 5 inches of asphalt to be detected The low energy pluto-
nium vy rays are severely attenuated A simple expenment
was performed to see if high-energy gamma rays could be
used to distinguish between uranium and plutontum
Spectra were taken using ( Nal(Tl) detectors of natural
uramium enriched uranium and ~$ year-old WR plutonium
sources with 4-inch and 8-inch concrete slabs interposed
between the sources and detector The S-yesr-old pluto-
nium source was chosen to simulate the average age ot
plutonium released m the drum-storage area There were
no readily distinguishable differences in the spectra

It was then decided by the Committee to excavate four
selected areas Areas No 14 and No 17 represent the two
‘hot spots labeled *17 21 and ‘25 ™ respectivelv in
Figure §-1 Hole SW an area thought to be a likely spot for
plutonium, and Hole NC a possible *“‘background’ area
The areas (2- to 4-sq tt) were covered with a tent the
asphalt removed and holes excavated Matenal removed
was placed in 1-gallon polyethylene bottles and sent ta
Building 881 Analytical Laboratories for analysis Digging
was continued until the Nal(T1) and/or alpha monitors indi-
cated background levels The holes were refilled with new
fill material and resealed with asphalt

The results of the wet chemical analyses are summarized in
in Table 8-1 Holes No 14 and No 17 contained large
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imounts of depleted uramiu— Based upon these percentages
we removed approvumatel 235 kg of depleted uramum trom
No 14 and 6 kg trom No 17 A samiple from each hole

was v-ray scanned with a Ge(Li) detector and no evidence
for plutomum was seen Holes No SW and No NC con-
verscly showed no uranium but did show detectable amounts
of plutonium The total plutonmum removed from holes

No SW and No NC was esumated from five analyses and
therefore should be considered as only an order of magni-
tude number These values are ~10 mg for No SW and
~200-300 pug for No NC

{n the summary the following statements can be made
concerning the pad survey

a The v ray mapping indeed detected areas of activity
above “background” levels Two areas of significant
activity were located

b The y-mapping further showed large general patterns
of similar activity These patterns may indicate activity
on the old ground layer or may merely be a measure of
the natural uranium content, and thus the thickness
of the asphalt layer

¢ Two of the localized activity areas which were excavated,
No 14and No 17, resulted from depleted uramum This
was further evidenced by the presence of a very concen-
trated depleted uranjum contaminated ol layer at 18 1n
and 30 1n depth for holesNo 17 and No 14, respec-
tively (Table 8-2)

d Analysis of the four test holes (Table 8-1) showed little
or no mixing between Puand U Thus, reasonably rigid
scgregation ot barrels must have been maintained during
the ‘liteume ot the storage area

e In no case was acuvity tound to be migrating upwards
from the ongnal ground level into the fill matenal

f While activity 1n holes No 14 and No SW extended
several inches 1nto the sod (Table 8-2), 1n all four cases
no activity was found more than 1 in 1into the clay
layer Thus the clay layer, which varies in depth from
4 inches to 15 inches below the onginal ground level, appears
to serve as a natural barrier to the further vertical migra-
tion of the radioactive matenal
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Table 8 2 Summary of Results

Actavits Maunium
trom Y
¥ Map Reading
Thru n
Asphalt Hale
Hole (cpm) (cpm)
No 32 55 000 IX 10°
?
SwW 16 000 <16 000
No 17 35 000 2% 10*
h T———
NC 16 000 20 000

N oivmvum
a
Reading Where
n Activary
Hole Achive firs
(dpm) Material Deteeted
5000 Depleted U ongmnal
ground
laver
20 000 Pu orgmnal
ground
layer
$000 Depleted U onginal
ground
layer
t000 Pu ofiginal
ground
{ayer
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Vertical
Thickness Location of
of Clay Layer

Activity {betow top
{ayer of pad)
(inches) (1aches)

68 3o

46 16

12 18

<t 26

KX)




9 SOIL STABILIZATION

{n order t» have an additional tool available during any
future contamination control and removal operations

and to specifically assist in minimizing resuspension during
the removal of the soil under the asphalt pad a study of
soil stabilizers in Rocky Flats soil was nstiated

Several methbds exist for stabilizing fine-grained particles
of soil or dust which are potential sources of air and water
pollution Soil stabilization can be accomplished by
physical chemical and vegetative methods or by com-
binations thereof

Stabilization by chemical and/or combined chemical and
vegetative means can serve several useful purposes at Rocky
Flats The following are some possible uses

1 Immobilization of contaminated soil which might
result trom a ‘spill °

9

Prevenuon of contaminated soil dispersion dunng
removal of the asphalt pad

3 Enhance the establishment of permanent vegetation n
and around Rocky Flats

4 Reduce soil erosion and subsequent property damage
bv airborne debris during periods of ngh velouty
wInds

Evaluauor of soil stabilizers has been in progress for
appronimately one year Preliminary results' suggested
that J-197 ® a product commercially avadable from
Dowell Division Dow Chemical US A showed some
degree of effectiveness in stabihizing the soil when apphed
at a concentration between 60 and 100 pounds per acre
1t was recommended that further evaluation of J-197
should be performed

A survey of available Iiterature?™® showed that many
chemuicals have been evaluated by the United States

Bureau of Mines and others In addition to J-197, two

soul stabilizing products (Coherex® and Penepnime®) cited

in the literature are being evaluated at Rocky Flats Methods
of application have been developed and stabulity tests have
been underway for approximately 9 months ’

Following preliminary evaluation of the three soil stabih-
zing chemicals combined chemical and vegetative soul
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L
41w progress  The tollowing

rabilizing oy penments®
15 4 review ot the results obtained durnmng evaluation ot
~hemucal soil stabilizers and +he resuits of recent combmned
chemical and vegetative soil stabilization research at

Rochy Flats

Ganeral intormation descrnibing the three soil stabilizers

of interest 1s given 1in Table 9 | Evaluation of these
chemicals has been conducted 1n test plots of varying

sizes all within the general vicimity of the asphalt pad

{903 storage area) Figures 9-1 and 9-2 show the location
of six plots utihized to develop application methods and to
evaluate the stabihzing qualities ot each chemical These
plots were established between October and December 1970

Tabie 9-1 Ganeral information On Three Soil Stabilzing Chemicals.

General Descniption

Product Name Manufacturer of Product

Non-volatile emulsion
consisting of 60% sems
hquid natural petroleum
products and 40% wetting
agents

Golden Bear Division
Witco Chemrcal Co

Coherex®

Poly acrvlamide a

plastic material similar

to surfactant chemicais
and thickening agents
contains 177 violet dve for
marking purposes

Dowell Division
Dow Chemucal US A

11972

Asphalt derivatve of
petroleum crude battoms

Pencprime 1 mpire Petrolcum Lo

J 197 was applied at concentrations varying from 17 to
75 pounds per acre (test plots 1 2,3,and 6) A water
solution of Coherex was applied to test plot number 4
{1 part Coherex to 4 parts water) at a concentration of
0 5 gallons per square yard Test plot number 5 was
stabilized with Peneprine (1 gallon per square yard)

To gain more expenence on the feasibshity of stabilizing
large areas of soil with varying surface features, a plot
(number 6) about 0 9 acre in size was stabilized Surface
features included coarse gravel fine soul, and grassy areas
A total of 7,500 gallons of J-197 solution was applied with
a portable pump and fire hose The concentration of
J-197 powder was 70 pounds per acre
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(Centrat Ave ) l-———-——/} ' u

(Centrat Ave )

—

—
-

Plot No 1
J 197 ‘

Plot No 2 ©
4197 & E
. Asphalt Pad N N ';
Controt = ¥
3 £ s 8
w Aur 239
Plot No 3
3197
3G coae |
L LILS —
Controt Wernerite Mineral Sizes
t <0059
j 3‘ mm 2 0059 0234
_J LJ LJ 3 0234 25
PlotNo 4 4>02%
Coherex
Plot
No § Peneprime

Figure 9-1 Sost Stabilization Test Plot Locations.

Test plot number 6 surrounds 4 Health Phvsics air sampler

{number S-R) This air sampler has consistently indicated Figure 9 2 Soul Stabihization Test Plot Locations
relativels higher amounts of sirborne radivactive contann

nants when compared to other atr samplers located along

the east perimeter fence Therefore, data from this air 6 Pecrmanence (weather resistance)
sampler might be used to evaluate the effectiveness of

J-197 on this test plot 7 Ecological and gestheuc considerations
Critena tor evaluation of each chemical soil stabilizer 8 Etfect on established vegetation

consisted of
9 Evaluation of air sample data (test plot number

1 Ease of solution preparation and distnbution 6 only)
2 Visual observation Evaluation of particle dispersion prevention (critena
number 3) was conducted by using an underlay of white
3 Depth of penetration sand (test plot number 2) which could be visually observed
Wernenite, a fluorescent mineral, was used as an underlay
4 Abality to prevent particle dispersion (test plots on test plot numbers 3 and 4 1t was also used on the
2 3 and 4) common edges of the mtervening control plot Four
different partscle sizes were used Erosion of this mineral
S Effectiveness on vanious soil types (coarse gravel was followed by observation with the aid of ultraviolet
to fine soil) light
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Visual inspection ot test plot number 2 (stabilized waih

3 197Y indicated temporary stabthity The whnte ~siad
remained n place somewhit fonger than the sind on

the adiacent unstabilized control plat Haowevar the
stabilized sand did dissipate within two months The
method ot application and total concentration (17 pounds
of J [97/acre) ot stabilizer applied was far from optimum
The 3 197 was apphed manually which accounts tor the
low concentration Before further work was conducted o
method ot spraying the J-197 solution was developed
This method employs a portable pump firc hose and
adjustable nozzle 1o distribute the solution (scu | igures
9-3 and 9-4)

Evaluation of test plots number 3 and 4 indicates that both
J-197 and Coherex have been tairly successful in retaining
the fluorescent mincral The mineral on these plots was
exammned on March 30 1971 (usmg ultraviolet hight)

Atter 4%, months ot exposure to the high winds and
preapitation some erosion of the smatler mmeral particles
from the plot stabilized with J-197 was evident but con-
siderable more loss occurred on the control plot Table 9 2
compares the mineral retention on these two test plots

and the control plot

Table 9-2 Wernerite Mineral Retention On Two Stabilized Test
Plots And A Control Plot {a)
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coupled with  hpowladoc o1 the wind pattern and vedoaty
~ad o hnowledas o m the area indicated that
F197 wall tibthze l tvpes ol Rocky | lats soldl A crust
of vatv i thichness s tarmc d when this chomicdl s

Jotngi

ipphed Ao redatnddy daree particdes will be held i

place by the crust Figures 9 5 96 1nd 9 7 show the tvpe
crust tormed m gravel il sl and grassy areas  This
protective crust was tound to be triable and will deteriorate
in ime  Therctore 1t appears that thus stabdizer would

be excellent for short term stabilization but semiannual
application may be necessary it fong term stabiity 1s re
required

Evaluation of J 197 Coherex and Peneprime as chemical
stabilizers 1s summuaried 1n Table 9-3  Based on these results
J 197 and Coherex wcre constdered tavorable for further
testing

Mineral
Sise J 197 Cohuren Unstihdisod
(n) Test Mot No 3 Test Plot No 4 Contral Mot
< 0059 ~20% ~90 ~10°
0059- 0214 ~80% ~90° ~20
0234 - 2% ~807 ~945" ~60
. 28 954 98 95*

(a) The percents mven ire estimates based on visual cxanunation and
serve only as 1 redative puide for comparison of 1 197 snd Cohoroy

stabiizing products

Test plot number 5 was cffectively stabiized with
Peneprime However as described previously (sce
Table 9-1) this chemical 1s an asphalt product and is
undesirable from several standpoints 1t 1s difficult to
apply, detimental to estabhished vegetation and has no
acsthetic appeal

The airborne contamination data obtained from the air
sampler located 1n the center of test plot number 6 (S-8
air sampler) did not show any sigmificant change It
appears that the test plot was not large enough to have an
cffect S-8 air sampler data from November 12, 1970, to
the present can be reviewed 1n Figure 3-1 1n Section 3
Visual examination of this plot of S-8 air sampling data

Table 9 3 Evaluation Of Three Sod Stabdizing Chemicals

tnformation J 197 Coheruy Peneprime
Solution § xcellent i xcellent Warm weather only
prepasation and >70°1)
distrshution
Vsl Forms crust of - Sotl appears to  Simalar 1o asphalt

Obsery aions varving thich he undisturbed

ness after appla
ton
Depth of Approvimatcs  Approxsm ity Approxsmateiv
Ponctration [FRA PRI WM 1R ta 3/3 1/2 inch
nch medy
Prevenpon of  Goad to Good 1o ¥ xeddiunt

Particde I acellent I xcellent

Iispursion

Onlv test was on
gravel fill

Good on gravel
and top sl

Good on grave!
and top sodl

Fffectiveness
on various sotl

tvpes excellent
Weather Crust s Unaffected by  Unaffected by
resIstance friable sem weather wedather

annual applica

tion may be

necessary o

fong term

stahilization

1s necded
kcological and  Excellent Good Poor
aesthetic
considerations
} ffuct on No effect No effect Covers vegetation
kstablished completely
Vegetation
Overall Rating Good Good Poor
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In May 1971 _ombined chemical and vegetative test

plots were estsblished 1n an area just east ot the asphalt
pad The are: consisted of several inches of gravei fill
matenal To srovide a good base for vegetation an overlay
of 3 inches o1 local top sod was added Three plots

8100 square 1eet 1n size were marked off Each plot was
cross fertdized (350 pounds/facre), cross dragged, cross
seeded with Fairway crested wheat grass (25 pounds/acre)
and final cross dragged

Chemical stabdization was performed on two of the plots
using solutions of Coherex and J-197 The third plot was
used as a control plot for comparative evaluation A total
of 2,000 gallons of J-197 solution was applied The
resulting concentration was 110 pounds of J-197 per acre
The Coherex solution was applied at a rate of 5 galjon
per square yard A total of 450 gallons of solution consis-
ting of 1 gallon of Coherex per 4 gallons of water was used
The control plot was treated with 2000 gallons of water

Preliminary results of the test plots stabilized by combined
chemucal and vegetative means are very encouraging The
final preparation of the plots was completed on May 4 and
S, 1971 (see Figure 9-8) In less than two weeks, seedlings
were observed on both of the stabilized plots and the con-
trol plot Since that time, the growth of vegetation has
been excellent Figure 9-9 shows the condition of the three
plots one month after seeding The grass was about 3
inches tall on each plot with fairly umiform coverage
Neither the Coherex nor J-197 were found to be detn
mental to the establishment of vegetation {f high winds
occur, little so1l erosion and subsequent loss of vegetation
1s expected trom the stabilized plots

The results of soil stabilization research show that both
Coherex and J-197 can be used for chemical and/or
combined chemical and vegetative stabilization Coherex
appears 10 be more favorable for use on sand or gravel
surfaces However, J-197 1s believed to be somewhat
better for stabilization of top soul and grassy areas Both
chemicals can easiy be prepared and distributed on all
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tvpes of terrans  Water sprinkling trucks portable pumps
and perhaps even aenal application methods can be
emploved

The cost of stabilization, including matenals and labor, will
vary considerably depending on the area to be treated It
1s estimated that the two products evaluated will be com-
petitive 1n cost and will range from $200 to $400 per acre
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10 POSSIBLE OPTIONS FOR DISPOSITION
OF PLUTONIUM-CONTAMINATED SOIL

When considening the uitimate disposition o1 plutonium
contaminaied soil, the following actions were evaluated

1 Chemical recovery of plutonium from soil

2 Chemical mining or in sutu leaching

.

3 Sou removal and bunal at an approved site

I Chemical recovery of plutontum from the soil would be
an enormous task Concentrated acids at room tempera-
ture have been shown to remove between 49 and 72%
in 1 hour The time can be reduced to less than one-
half by processing at the solution boiling point  This
amount represents the plutonium held on the surface
of the soil  All the plutonium can be recovered by
complete decomposition of the soil 1n an acid solution
consisting of 15 8 M HNO; and >0 1 M HF With this
method dissolution 1s completed in about one-half hour
at the solution boiling point  These recoverv rates are
based cn laboratory studies and would not be expected
on a larpe system Much intermediate waste would be
generated by chemical removal processes This does not
seem practical
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2 Chemicdl mimine appec s to be very ditticult because of
the thin large area ana he varving plutonum concen
tration In daddition th » tvpe ot processing 1s not con
sidered to be verv etric .nt  Solubiized plutonium
could be carned into the water-courses and eventually
to humans This does not seem practical

3 One possible bunal locatuion for Rocky Flats contamina-
ted soil may be the salt mine near Lyons Kansas
However this site will not be ready to receive contami-
nated matenal until a1 least 1975 Also, the contamina
tion level of Rocky Flats soul is so low that the soil
may not be acceptable tor bunal

Commtments have been made by Dow (Rocky Flats) and
the AEC to the Governor of Colorado that we would remove
the “Pad™ and the contamtnated soil it entraps This can be
accomplished whenever an approved AEC burnal site can
receive the matenal The cost associated with removal 1s
estimated 1n the next section of this report (See Section

11 ) Decision on actions on additional contaminated soil
such as the action of plowing that was used 1n Spain, can-
not be made without a better plutonium concentration-
depth profile The mechamsm of plutonium transport in
soil should be established before actions such as plowing
can be considered

Soil stabilization studies were nitiated and will be continued
Data resulting from studies to this peniod are reported in
Section 9 ot this report
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11 ESTIMATE OF THE COST OF REMOVAL
OF PLUTONIUM CONTAMINATED SOIL
UNDER THE ASPHALT “PAD"”

Present information does not establish the exact depth or
area from which the contaminated sod will be removed 1t
1s possible to estimate unit costs of labor packaging
matenals freight and burnal or storage as follows

[}

Unit Cost per 55-Gallon Drum
Labor 1o Fill and Load Drums $1000
Packaging Matenals 10 50
Freight - Based on 600 Pounds
Per Drum and Freight Rate of
$2 10/100 Pounds 1260
Bunal of Storage - Based on
7 4 Cubic Feet per Drum and
Present NRTS Charges of $1 06/
Cubic Foot for Storage of Trans-
uranmium Wastes 7 85

TOTAL $4095 ~ 34100

Using this information and the following assumptions re
garding area and depth of contammation 1t 1s possible to
mndicate the magmitude of the operation

Case |

1 Assume the removal of the asphalt
pad as uncontaminated waste
Remove the 10 inches of fill dirt
and 8 inches of contaminated so1l
under the asphalt pad as con-
tarminated waste

220,000 Cubic Feet

“

Remove 4 inches of tadl dirt and
2 inchies of contamindated soud
trom the area east of the asphalt
pad to the secuntv fence as con
taminated waste

TOTAL

331,500 Cubic Feet
7 4 Cubic Feet/Drum

47 360 Drums X $41 00/Drum
Equipment Facdities

TOTAL

Case (|

9

Assume the removal of the
asphalt pad as uncontamnated
waste Remove 10 inches of
filt dirt and 24 inches of con-
taminated soil under the asphalt
pad as contaminated waste

Remove 4 inches of fill dirt and
8 inches of contaminated soil
from the area east of the asphalt
pad to the securnty fence as con
taminated waste

TOTAL

637 000 Cubic Feet
7 4 Cubic Feet/Drum

91,000 Drums X $41 00/Drum
Equipment and Facilities

TOTAL
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111,500 Cubic Feet

331,500 Cubic Feet

~47.,360 Drums
~$1,950,000

~ 50,000

~$2,000,000

414,000 Cubic Feet

223,000 Cubic Feet

637,000 Cubic Feet

~91,000 Drums
~$3,731,000

~ 50,000

~$3,781,000




12 ROCKY FLATS CURRENT HEALTH
PHYSICS ENVIRONMENTAL
SAMPLING PLAN

Vegetation Samples
ON SITE

Vegetation samples are collected at 6-month intervals
from 16 locations within the secunty fence The samples
are currentivsanalyzed for total U + Pu activity (gross
alpha) and specifically for plutomum

OFF SITE

Sixty-seven locations with a 10-mile radius of the plant are
collected at 6-month intervals All vegetation samples are
collected from public nght-of-way and confined to that
normally consumed by grazing animals The samples are
analyzed for gross alpha and specifically for plutonium

Water Samples
ON SITE

Water samples from holding ponds | 5 and 9 (release
points) are collected daily The samples are composited
weekly and analyzed for urantum plutonium and
americium

Monthly water samples from each of 14 sampling wells are
analyzed tor urantum and plutonium

OFF SITE

Thirty-seven samples from lakes and streams surrounding
the plant are collected at 6-month intervals The samples
are analyzed for gross alpha content A plutonium deter-
mination 1s made 1f the sample activity exceeds 0 7 pCi/liter
(07 X107° uCi/mi)

Samples from four reservoirs and nine community tapwater
supplies are collected bimonthly and analyzed for total
uramum plus plutonum activity In addition, these
reservotr samples are analyzed specifically for plutonium
Samples from Great Western (Broomfield water supply) and
Standley (Westminster water supply) Reservours are analyzed
specifically for americium

A weekly water sample collected from Walnut Creek at
Ind1ana Avenue 1s analyzed for total uranium plus pluto-
num activity and specifically for plutonium and americium
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Air Samples

ON SITE

Twelve on site continuous air samples are collected daily
(except weekends and hohidays) and analyzed for total
long-lived alpha acuvity  An analyss 1s also performed
for beryllum

Five weekly, 6-hour, high~volume air samples taken east of
the 903 Area are collected and analyzed for plutonum
content

OFF SITE

Twelve high-volume, continuous air samples taken approxi-
mately 2 miles from the plant boundary are collected daily
(except weekends and holidays), composited weekly, and
analyzed specifically for plutonium content In addition,

a 6-hour high-volume air sample 1s collected weekly at each
ot Wagner site (located approximately 2 5 miles ESE of the
plant) and Coal Creek Canyon These air samples are
analyzed specifically for plutonium content

Biweekly air samples from nine additional locations are
analyzed for total long-lived alpha activity Samples from
these locations are also analyzed for beryllium

Fallout (Dustfall) Samples
ON SITE

Five dustfall samples are collected bimonthly from locations
on site and downwind from the production buildings One
site 1s downwind from the 903 Area Fallout (dustfall)
samples are analyzed specifically for plutonium

OFF SITE

Twelve dustfall samplers are located off site atop the air
sample stations The samples are collected bimonthly

More remote samples are collected monthly from Berthoud
and Castle Rock All dustfall samples are analyzed for
plutonium content

Soil Sampling
The Rocky Flats Health Physics department maintains an
extensive, routine soil sampling program  Soil samples are

collected from locations both on and off the plant site
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Analvsis o soil samples 1s generally contined 1o plutonium
however 4 capability tor analvsis of uranum and amercium
dalse exists  An analvsis tor other than plutonum would

be pertormed based on historical sample results and/or mode
ot contamination

ON SITE
1 903 Area

Fortv-eight samples are coilected at 100-, 150-, and
500-f1 distances from the nearest edge of the asphalt
pad This area is presently betng sampled four times
per year it s planned to reduce this to twice per year
in September 1971

tJ

Other Sites Within the Secunty Fence

Twenty-nine locations on alternate gnd ponts of the
500 f1 * Austin Company gnd® are sampled twice per
year and analyzed specifically for plutontum

3 Samples Between the Securnity and Cattle Fences

Sixtv locations (predominantly east and south of the
plant proper but covening all areas) are sampled
semiannuallv

OFF SITL
I Gnd Samples

Therz uro 20 locations on cach of three concentric cirdles
of 1 2 and 5 mile distances from the plant center
These samples are approximately equi-spaced and are
collected twice per year

In order tu intensify the sotl sampling 1n areas east and
south of the plant boundary, 30 additional locations in
these areas are sampled along public night-of way These
samples are collected twice per year

[ %]

Remote Off Site Samples

Twentyv soil samples from Arvada, Westmunster, and
Denver locations between Boulder and Fort Collins,
Coal Creek Canyon, locations between Leyden and
Golden and along 104th Avenue are sampled twice
per year
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Sediment Samples
ON SITE

Sediment samples from each of the holding ponds are
collected monthly for analysis of plutonium and amer:-
cwm  This schedule will continue until any problems are
adequately defined The schedule wall then be reduced to
twice per year

Sediment samples from Walnut Creek and Woman Creck
effluent water courses are collected monthly These
sediment samples are analyzed for plutonium and amen
clum content

OFF SITE

Sediment samples from each of four reservoirs (Great
Western Baseline Standley and Ralston) are collected
twice each year and analyzed for plutonum An analysis
specifically for americium 1s performed on Great Western
and Standley Reservoirr sediment samples

Chemical Contaminants
ON SITE

Water samples from holding ponds 1,5 and 9 are collected
three times per week and analyzed for pH, NO;~, PO,

F~ and total solids A daily water sample from the holding
pond 3 1s composittd and analyzed for biological oxygen
demand (BOD) These chemical analyses assure that all
water leaving the plant 1s in comphance with presently
accepted drninking water standards

Water from the 14 samplhing wells 1s analyzed for pH
NO;” PO, ® F~ and total sohds

OFF SITE

Because of a recurrent problem with nitrates leaching into
Walnut Creek from the solar evaporation ponds, a weekly
water sample from Walnut Creek at Indiana Avenue 1s
collected and analyzed for NO;™ concentration Dunng
penods of peak spring runoff, a daily water sample from
Walnut Creek at Indiana Avenue 1s analyzed for NO;~
concentration

Presently, environmental sample analysis for plutonium and
americium 1s restricted due to the lack of adequate alpha
pulse-height analysts instrumentation This condition will
be rehieved with the purchase of additional instrumentation
for the performance of the analyses in Fiscal Years 1972
and 1973
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13 CONTINUING RESEARCH SUPPORT S The mechanism of plutonium transport in soil will be
AT ROCKY FLATS ON THE STUDY OF studied

PLUTONIUM IN SOIL
6 The chemical torm of the plutonium in Rocky Flats

sotl should be 1dentified

This study pointed out several areas where information 1s 7 The solubility of the plutonium in Rocky Flats soul
needed if reasonable decisions are to be made pertatning to will be studied

problems of plutonium 1n sod The following activities

are being or will be pursued at Rocky Flats if sufficient 8 The particle size of the plutonium species and the size

funding 1s available

to

Sampling and analytical techniques will be improved

Standard samples will be generated and stored for
future use

Sampling exchange programs with other laboratones
will be continued

Plutonum soil-depth profiles will be obtained

10

11

of aggregate particles of plutomum and sod should be
established

Emergency procedures to “fix” plutonium 1n soud for
easy removal, in event of any future accidents, will be
established

New and improved air sampling systems will be devised
and deployed that spectifically measure resuspended
plutonium particles from Rocky Flats soil

The sigmificance of multiple resuspension of plutomum
particles from Rocky Flats Soil will be established
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PART 11

It 1s recommended that the AEC purchase additional
property surrounding the Rocky Flats Plant site

It 1s recommended that areas in which the soil contains
plutonium 1n excess of 350 mCi/km? be fenced and
restricted from grazing

;
It 1s recommended that additional soil stabilization
action be pursued on soil 1n and around the Rocky
Flats plant where plutonium concentration exceeds
350 mCi/km?

It 1s recommended that additional vegetative cover be
considered for use 1n conjunction with soil stabdizers
in the areas east and south of the drum storage area

RECOMMENDATIONS

S It is recommended that the asphalt “Pad,” which

1s an effective seal, not be disturbed untd all
questions of a disposal site for the contamunated soil
have been resolved

It 1s recommended that specific responsibility be
assigned for ultimate disposal of the soil under the

pad

It 1s recommended that the diagnostic research and
health physics support described 1n Part I (13) of thus
report be completed

It 1s recommended that close haison be maintained with
other AEC and commercial agencies or sites using pluto-
nuum so that all new plutonium environmental infor-
mation can be shared

RFP-INV-10
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GEOLOGY OF ROCK
C T lisley, December 1970

The h <+ = ats Plantin Colorado 1s focatea on a gently
" =~ - t1or outwash plain at the eastern edge ot
the « st o1 he Front Range of the Rochv Mountains
Ruun vute s dre extremely scarce in the immediate
vicin v <1 ne site and most of the geologic descriptions
Jare tased i extrapolations trom adjacent areas to the
nortn ¢nc south Some information was obtained from
surtuc2 oo outerops west of the area and subsurtace
cond.tior sere observed in the abandoned Capitol Mine
(coal) wi (715 only one halt mde west of the plant
Geolog'e ~rormation was obtained trom the maps and
reports r2 2-red to in the hst of references
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The surtace sou 1s .omposed of 10 to 25 feet of alluvium,
or gravel which consists mostly of quartzite boulders and
clay Ths surficial matenal 1s underlain by 700-800 feet of
Laramie formation according to Spencer (1961) and shown
in Figure A 1 Earlier reports indicated the presence of

25 10 30 feet of the Arapahoe formation but Spencer could
not distinguish such a hithologic break 1n the Larame for-
mation In this area

The Laramie formation 1s divisible into two parts The
lower part about 100 feet thick 1s composed chiefly of
sandstone and sandy shaie interbedded with lesser amounts

LARAMIE
FORMAT ION
N\

Ki

Fgure A : Geologic Map of Rocky Fiats Plantsite

N Y

A-l



of clav tire JJav shale and coal  The upper part about
600 10 700 teet thich 1s composed chiefly of clay shale and
sandv shale and some lenticular beds of sandstone and
hignite

The Fox Hills sandstone underlies the Laramie formation
The Fox Hills is a massive cross-bedded and npple-marked
sandstone that 1s conformable with the underlying Pierre
shale The lower two-thirds of the Fox Hills 1s a fine-to-
coarse-grained, shightly calcareous, yellow-to-greenish buff
sandstone The upper one-third of the Fox Hulls 1s a fine to-
medum-grained light-gray to light-yellow mottled cross
bedded sandstone The thickness of the Fox Hulls sandstone
vartes from 60 to 250 feet between Ralston Creek and
Supenior beneath Rocky Flats site 1t 1s probably about

100 feet thick

The underlving Pierre shale 1s about 8000 feet thick Itisa
lead-gray 10 brown and black shale of manine origin
Although generally homogeneous, the Pierre also contains
some siitstone sty sandstone beds of limestone, and
himestone concretions

In contrast to the steeply dipping rock strata west of the
plantsite the structure beneath the plantsite 1s aimost level
and rather uncomplicated A cross section drawn along

an east-west line from Indiana Avenue to Colorado High
way 93 and based on data (from Spencer 1961) of structure
contours on the top of the Fox Hulls sandstone shows the
generahized structure (See Figure A 2) The steeply dipping
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(~44° east) Fox Hills sandstone exposed on the surface one
halt mile east of Highwav 93 1s assumed to flatten out to
fess than S° at a point close to the west gate of the plant

1t 1s logical to assume that the overlying conformable
Laramie formation also 1s relatively flat under the plant
site  The structure 1s sigmficant from a hvdrology view-
point because steeply dipping strata would tend to restnct
the ground water to great depths below the surface and
extending many muiles east of Rocky Flats Since the
layered rocks are actually almost level, water entering the
ground water system from the Rocky Flats area would be
more likely to reappear at the surface onlv a short distance
downslope from the recharge area, such as in the dranage
patterns of Woman Creek or Walnut Creek An dlustration
of possible ground water movement 1s shown in Figure A-3,
a cross section along a southwest-northeast line through
the area Evidence for such water migration is the presence
of several intermittently flowing springs along the leading
edge of the Rocky Flats pediments As indicated 1n

Figure A-3 surface water entening the ground 1n the
vicinuty of 771 Building will likely emerge to the surface

in Walnut Creek, possibly in the Rocky Flats holding pond
If the water were 1o percolate deeper, 1t should stil
reappear west of Indiana Avenue To migrate east of
Indiana the ground water would have to penetrate more
than 350 feet of the Laramie formation This would be
unlikely because of the impermeable nature of the clay-
shale strata Faulting could create passageways for down-
ward flow of ground water, but no evidence of faulting
has been reported within the immediate area of Rocky
Flats

Figure A 2 Geologic Cross Section of Rocky Flats Plantsite along Line AA
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ANALYSIS OF HASL DATA

Section 1

LOG-NORMAL ANALYSIS OF PLUTONIUM
DATA

’ D £ Mrchels

Log-normal analysis 1s a technique based on statistical
considerations of how analytical values may vary from one
another Data are plotted on probability paper such that
the lineanty of the array of plotted points yields statistical
conciusions This technmique applies to plutonium data

and three kinds of conciusions resuit (1) When the array of
plotted points 1s precisely linear the data are cailed
homogeneous That 1s, the plutonmium 1n all samples of the
group 1s overwhelmingly from a single source, (2) The
anajs nical value associated with the 50th percentile of the
data 1s the average value for the group, (3) The standard
devianion for the group 1s given by the slope of the array of
plotted points The conclusions described above depend

on finding straight-line plots when the data are plotted on
probability paper Since required straight lines are obtained
onlv when a loganithm scale 1s used for the analytical values
(and not when a linear scale 1s used) the distributions are
termead log-normal Log-normal distributions are generally
obtained for a wide varietv of trace materials studied by
geocr emists

This «echnique was applied to data reported by Health
and Satety Laboratory (HASL 235) personnel since their
33 sanple sites included some sites which would be ex-
pected not to include detectable amounts of plutonium

from Rocky Flats Thus the HASL data involve two kinds
of samples one kind dominated by world-wide fallout, the
other kind dominated by Rocky Flats effluent The plot
on probability paper permits a sharp distinction to be

made between the two groups In addition, an independent
estimate 15 obtained tor the plutonium background in
Denver soils that 1s due to world-wide fallout

Figure B-1 shows the probability plot for the HASL data
which 1n Table B-1 are ranked in order of analytical values

The junction of the two components of the plot, at about

3 0 mCi/km?, 1s the natural division between the back-
ground distnibution of plutonium and the plutonium derived
from Rocky Flats On the basis of Figure B-1, the HASL
data are divided into two sub-groups which are replotted
mdependently in Figure B-2 Each sub-group gives a
statistically satisfactory fit to a straight line and we therefore
conclude that each subgroup 1s homogeneous

The hugher content subgroup 1s clearly caused by Rocky
Flats since the sampies which comprise the subgroup were
taken near and downwind of the plant Although 1t s
tempting to select an “average” value for this group by
correspondence with the 50th percentile, that temptation
should be resisted The anomaly has definite structural
features which complicate the meaning of average value

However the lowercontent subgroup 1f 1t truly 1s back-
ground should not nave a complicating structure Hence
this log-normal anals ses yields an average value of 2 4
mCi/km? associated with the 50th percentie and 1s a
valid measure of the Denver background

Tabie B1 Order and Percentiles for Plutonium in Soil Samples
Samople mCi/km? Percentile Sample mCsfkm? Percentile Sample mCifkm? Percentile
33 18 30 9 26 364 4 11 698
18 20 61 20 26 394 17 14 728
27 20 91 24 26 428 s 15 75 8
29 20 121 21 27 455 14 17 78 8
n 21 152 32 27 48 S 15 18 818
10 22 182 30 28 S1§ 16 19 84 9
22 22 212 23 30 54§ 12 47 879
26 23 24 2 2 31 5§76 13 50 91 0
1 24 273 3 42 606 7 480 94 0
25 24 303 11 54 636 8 630 970
28 28 334 19 80 66 7 6 1950 -
B-1
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Etther by Background Plutonium or By the Rocky
Flats snomaly

Table 8 2 Order and Percentiles for Subgroups

Lower content Higher content

Sample mCy/km’ Percennule Sample mCubm Percentile
33 18 53 2 31 67
18 20 105 3 42 133
27 20 158 11 54 200
29 20 210 19 80 267
31 2t 263 4 i 333
10 22 316 17 14 400
22 22 368 H 15 a6 7
26 23 421 14 17 §33

1 24 474 15 18 600
28 24 s26 16 19 66 7
28 2SS 578 12 47 734

9 26 631 13 50 800
20 26 68 4 7 480 86 8
24 26 731 8 630 933
21 27 790 6 1950 -
32 27 84 2
30 28 895
23 30 94 8

2 31 -
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Figure B 2 Background Distribution of Plutonium (lower plot)
Separated from the Rocky Flats anomaly

The ditference between the average value of 2 4 mCi/km?
and the classification value of 3 0 mCi/km?® 1s a joint con
sequence of both the natural variabuity of fallout near
Denver and the vanations inherent to the sampling and
analvtical procedures Samples indicating plutonium con-
tents of less than 3 0 mCi/km? contain no increment of
plutonium from Rocky Flats In stausucal terms the
certainty 1s 95% since the 3 0 mCi/km? value corresponds
to the 95th percentile of the background vaiue (and to
about the 8th percentile of the Rocky Flats anomaly as
plotted)

Section 2

PLUTONIUM FALLOUT IN THE DENVER AREA
Donald E Michels

The log-normal analysis described 1n Appendix B-Section 1
yielded a value for plutomum fallout in Denver Since the

B-2




vatue 1s laree compared to values used by other investigators
{sec Table B 3) the tollow ing discussion seems pertinent
Two points are discussed as tollows

Table B 3 Plutonium Fallout Near Denver

Source Method Value

Michels® log normal plot of 19 HASL samples 24 an/km2

Krey & single sample from Derby 14 mCllkm2
Hardy
CC1 lh single sample from Loveland 019 mC|/km2 (d)

aAppendlx B Section 1
bHealth and Safety Laboratory report HASL 235 August 1 1970

€Colorado Commuttee for Fnvironmental Information report on
Dow Rocky Flats Fire January 13 1970

dBy conversion L1 d/mjg=4S§ an/km2

1 Other workers have tended to be conservative and have
chosen their background values from the lowest of therr
analytical values which involved samples remote from
Rocky Flats This procedure both biases the selection

t9
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toward low values and ignores whatever natural vanation
may exist in the overall background distribution
Furthermore the analytical vaniances involved are not
well documented hence the values chosen may be low
for reasons independent of the natural vanations

The plutonium background for the world 1s known
independently from direct chemical analysis because of
fission yield estimates maintained by workers at

Los Alamos Therr 1969 estimate of 500,000 cunes of
plutonium 1s equivalent to a world-wide average value of

1 1 mCykm? for a uniform distnbution Variations

from the world-average values are expected because
weather patterns and fission events are not distributed
uniformily  The magmtude of these world-scale vanations
are documented for fission products, such as strontium-90,
which are more commonly analyzed for than plu-

tonum A latitudinal vanation in the ®°Sr fallout 1s
documented which shows maximum in both hemispheres
near latitudes of 40-50° The northern hemisphere
maximum for ?°Sr 1s 2 34 times the world-wide average
value Since Denver latitude 1s 39° N we should not be
surpnised to find the plutonium fallout there to be more
than twice the world-wide average, or between 2 2 and

2 5 mCi/km?

B-3




Presentation at
PROBLEMS ANALYSIS MLETING Rodky Flats
TIME 9 00 am May 23 1971
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SOIL CONTAMINATION AND ASPHALT PAD
Speaker Dr James R Seed

Dr Seed hasa Ph D from Universitv ot California i
Physical Chemistry (1964) He 1s tamiliar to several
members of the panel(H E Roserand D E Patterson)
with whom he worked durning the official investigation of
the May 11 1969 fire at Rocky Flats Some of his early
work while in Intelligence in the USAF involved separa
tion and analysis of the actinide elements (primanly
protactimium uramium and plutonium) trom United
States and other nations’ nuclear test shots Other USAF
experience mvolved surveilance work on (plutonium and
uramum) weapons at Manzano Base Albuquerque, New
Mexico His speciality tield was radiation chemistry  His

SLIDE 1

POGO

“WE HAS MET

THE ENVEMY
AND HE IS US.

experience and research at Rocky Flats has resulted 1n
expertise 1n areas of surveillance, product integrity, corrosion
problems 1n general, plutomum ignition, and the chemistry
and physics of plutonium that relates to plutonium hand-
ling and storage problems He was assigned by the

Operating Board of the Rocky Flats plant as chairman of

a special commuttee to investigate, evaluate, and recom-
mend action relative to the plutonium that accumulated

in the so1l from the outside “Barre] Storage Area ™

Dr Seed 1s director of Product Research and Development
at the Rocky Flats Division




A general .>mment was made that many of the problems
that woula be discussed throughout the two-day meeung
would invoive environmental concerns

Thus shide (Shde 1) was a drawing ot the theme that had
been adoptea by a local high school relative to environ
mental teaching and action programs

It was pointed out that our plant was approximately
20 vears old— working 1n a technical field that for all
practical purposes was only about 25 yearsold Our
learning rate was approximately equal to the rate ot the
growth ot knowledge in this “new" field

As we learned we obviously could look on problems
we had faced in the past in light of current knowledge
and clearlv decide we could or should have acted
difterently had we known what we know now

Problems o1 plutonium contamination n soil were discussed
in general

SLIDE 2

i THERE ARE NO STANDARDS FOR PLUTONIUM IN SOIL |
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SLIDE 4

A PROCESS OF JUDICIOUS DECISION MAKING HAS
BEEN EMPLOYED IN THE PAST THULE ACCIDENT,
PALOMARES ACCIDENT ETC

SLIDE 3

PRIMARY GUIDELINE ‘MAINTAIN AN ACTUAL DOSE
AS NEAR ZERO AS POSSIBLE

The various AEC sites which might face ssmilar probiems,
such as LASL, Mound, LRL NTS, BNW, Pacific Islands

as well as the areas where accidents had occurred, Palomares,
Spain and Thule, Greenland were alluded to

With the growth of breeder reactors and fuels reprocessing
plants, the problems 1n this area will continue to grow

The probiems associated with establishing plutonum soil
standards were touched on

particle size
retention
critical organ

N S

resuspension

SLIDES5 AND 6

The accompanving table was divided into two shdes
(5 and 6)

Data were presented which showed some “standards™ that
had been adopted bv other countries for plutonium 1n soil
{Some hiberties were taken in converting units to make
cross reference between various papers a httle easier )

Data were also presented n some “‘reasonable™ proposed
“standards™ for the United States This information can
be found in a paper presented at the International Sym-
poswum on Radiological Protection of the Public in a
Nuclear Mass Disaster, June 1968 The paper was authored
by R L Kathren of Battelle Northwest The data relating
to Criterion I of 10 CFR 140 84 (Financial Requirements
and Indemnity Agreements) were also discussed This
critenion considers surface contamination values above

0 35 uC1/m? (approximately 77 dpm/cm? or 350 mCy/km?)
over 100 m? of property as the mimimum level of trans-
uranic radio nuclides that would comprise a substantial
discharge of radioactive matenal from its intended place
of confinement

C-2



SLIDES S5 AND 6

RFP-INV-10
Appendix C

MAXIMUM PERMISSIBLE ALPHA CONTAMINATION

Lou- 1y uCi/m? mCi/km* @) d/m/gram(®) Remarks
United hungdom (Dunster) 01 100 222 Widespread areas contaiminated with plutonium
United hingdom 01 100 222 ‘Inactive areas °
10 1000 222 “Active areas
Czechosiovakia 011 110 24 4 Workplaces after decontamination
France 01 100 222 Equipment and workplaces in ‘“inactive” areas
10 1000 222 Equipment and workplaces in “active’ sreas
Poland 01 100 222 Labs restricted to using 100 u Cl or less
10 1000 222 Labs permitted to use more than 100 s C1
South Africs 01 100 222 Body, personal clothing, inactive aress
10 1000 222 Equipment and workplaces inside controlied aress.
United States ICC 002 20 4 44 Interstate Commerce Commission (Dept of Transportation)
pertains to interior of vehscles previously used for transpor-
tation of materials
USSR 001§ 15 333 Work clothing and surfaces before cleaning
0002 2 0 444 Hands and work underciothing before cleaning
0 006 6 133 Work Surfaces sfter clesning
United States(<) 004 40 88 Urban suburban, recreation areas
o4 400 88 Rural truck farming, annual food crops, grazing land,
milk-shed, etc
40 4000 888 Rural deep root perennials (e g , nuts, certain fruits)
400 40000 8888 Remote or Controlled desert, forest, fenced or limited

‘a)Units used 1n HASL report No 235
® s used by Rocky Flats in reporting soil analysis (in most cases a specific gravity of one (1) was assumed for conversion of units
(C)Regomrr:ed at an Interndational Svmposium on Radiologicai Protection of the Public 1n a Nuclear Mass Disaster (June 1968)

SLIDE 7

aCcess areas

SLIDE 8

® J_LY 1958

HISTORICAL SEQUENCE

CRU** STORAGE AREA ESTABLISHED DURING
SUBSEQUENT YEARS DRUMS WERE CONTINUALLY
ADDZD PRIMARILY PLUTONIUM CONTAMINATED
MACHINING OILS

® 1659
FIRST DRUM LEAKAGE DISCOVERED-RUST
INHIE, TOR ETHANOLAMINE WAS ADDED TO DRUMS
PRIOR TO STORAGE TO MINIMIZE CORROSION

® _ANUARY 1964
FIRST EVIDENCE OF LARGE SCALE DETERIORATION
OF CRUMS REPORTED SOIL CONTAMINATION
REFGRTED AS INCREASING

HISTORICAL SEQUENCE (continued)

1966

SMALL BUILDING ADDED TO FACILITATE TRANSFER
OF CONTAMINATED OfL FROM LEAKING DRUMS TO
NEW DRUMS

JANUARY 1967

LAST DRUMS ADDED TO STORAGE AREA AND
REMOVAL TO 774 BEGAN OLDEST ORUMS SHIPPED
FIRST

JUNE 1968

LAST DRUM SHIPPED TO BUILDING 774 FOR
PROCESSING HIGH WINDS SPREAD SOME
CONTAMINATION

JULY 1968

RADIATION MONITORING AND MAPPING OF AREA
COMPLETED LEVELS OF 2 x 10° d/m/gm TO OVER

3 x 10”7 d/m/gm REPORTED PENETRATION OF FROM
1 INCH TO 8 INCHES REPORTED




SLIDE 9
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SLIDE 10

HISTORICAL SEQUENCE (continued)

® SEPTEMBER 1968
PRELIMINARY PROPOSAL FOR CONTAINMENT
COVER PREPARED BY ROCKY FLATS FACILITIES
ENGINEERING

® JuULY 1969
FIRST COAT OF FiLL MATERIAL APPLIED

® AUGUST 1969
FILL WORK COMPLETED PAVING CONTRACT LET

® SEPTEMBER 1969
OVERLAY MATERIAL SOIL STERILANT AND ASPHALT
PRIME COAT COMPLETED

® NOVEMBER 1969
ASPHALT CONTAINMENT COVER COMPLETED-
INCLUDING FOUR SAMPLING WELLS

ASPHALT COVER AREA x

w7

ORIGINAL FENCED OIL DRUM
$ o3 STORAGE AREA

§ ASPHALT COVER AREA AND
NN\ BASE FILL MATERIAL

97 77" BASE FiLL COVERED
1LY AREA

These three shdes detailed the significant information rela
tive to the development of the problem and also action
taken up to the completion ot the asphait pad

The 1tems or the shides were discussed pointing out that
throughout this entire period development work was con
ducted on a orocess to treat (dispose reclaim etc ) the
contaminated oils  An imual process was developed 1n
December ¢ 1959 but equipment and funding problems
delaved the mtial test runs untl Mav of 1960 Further
<orrosion o* 2quipmert problems (hvdrolvsis und radiolvsis
ot the CCl, o HCLy delaved the process untl December
1961 This ~rocess and project of treating the contanu
nated oils w o> included in the project  Additional Processing
Facihues Contract AT(29-2) 1298 which was an expansion
of the plutonium chemical operations Later funding
difficulties resulted in deletion of this portion of the project
Actual processing of the ol commenced 1n January of

1967 At this time the field contained about 5 240 drums

In the discussion with the AEC participants of the meeting,
the action taken to minimize drum corrosion was covered
and the effort made to transfer o1l from the older to newer
drums was also discussed

SLIDE 10

A drawing of the actual area of the pad and additional base
fill was presented and discussed (Shde 10)

SLIDE 11

A photograph of the pad area was presented (Not
included 1n text )

SLIDE 12

A shide which consisted of colored “contours™ depicting
plutonium in the surtace soil around Rocky Flats was
presented These data were generated by using soil
analysis from

I Rocky Flats Health Physics Department
2 The Health and Safety Laboratories (HASL)

3 The Colorado Commuttee on Environmental
information (CCEI-Martell)

This work had been completed November 16, 1970

The model for the “contours” had been constructed from
135 soi sample analyses

1 Ninety-mne samples taken on AEC property
and on public and private property by the

C4
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Rodky Flats Health Physics Departinent
between August of 1969 and Julv of 1970

2 Eighteen samples tahen by HASL
Februan of 1970

3 Eighteen samples taken by CCEl in
August of 1969

SLIDE 13 .

This shde consisted of another set ot ‘contours™ tor
plutonium and incorporated into the model Thirty-cight
additional so1l samples taken during December 1970
(approximately 4 to 6 months after the imtial Rocky Fiats
plutonmum suil analysis) This new set of * contours which
was based on a total ot 173 soil analyses showed verv little
change from the previous slide

Additional soid sumple analyses showed that the level ot
plutomum contamination 1s no! increasing

The total integrated quantity of plutonium (using simple
ntegral calculus on the equations of the model) was
estimated to be 14 3 grams over the 8 35 km? (2 063 acres)
covered by the orange (1000 ~ 2000 mCi/kmn* ) yellow
green bluc purple brown and gray (13— 20 mCi/km?)
contour lines  (Shide 13 )*

There are approxunately 6 7 grams over 2 72 km”*
(672 acres) of land inside the boundary below the
2000 mCi/km? contour

Therc are 7 6 grams over 5 63 km® (1 393 acres) outside
the boundarv down to the 13 mCi/km? contour

The details and the assumptions that were made in con-
structing these models can be seen 1 internal Rocky Flats
Reports

*in this report Shide 13 15 reproduced in black and white tones
only
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1 Service Report 48270 2 November 16 1970

2 Service Report 482 714 Aprl 26 1971

Copies of the latest report have been transmitted by the
Rocky Flats Plant Manager through the local AEC area
office to H E Roser Assistant Director, Division of
Military Application and J F Burke Assistant Manager
for Operations Albuquerque

SLIDE 14

This slide consisted of a table which gave the integrated
quantities and land area included 1n each contour

AVERAGE *
ACTIVITY  Pu-239 d/m/g AREA

CONTOUR IN mCi/km®  IN GRAMS DRY SOIL IN km?
ORANGE 2000 1000 0291002 198 002
YELLOW 1000 400 125%009 131 013
GREEN 400 350 0321003 87 005
BLUE 350 100 310054 40 106
PURPLE 100 50 126046 16 109
BROWN 50 20 1042059 7 198
GREY 20 13 0341022 4 130
BEYOND GREY 13 1 - a2 e

TOTAL 76%20
* ASSUMING A DENSITY OF DRY SOIL OF 1 GM/CM* AND

A SOIL SAMPLE DEPTH OF 1 CM

** BACKGROUND PLUTONIUM ACTIVITY

SLIDE 15

This was a photograph of the area of the plant site involved
n this discussion and introduced the participants of the
meeting to the area they would physically tour later m

the morning (Not included in text )
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Table D1 Simplified Conversion Table for the Vanous Units
Used in the Litersturs to Express the Levels of Ptu-
toniwsm Contsmination 1n Sosl

Pu Activity * d/m/g
mmCi/km*>  pCym?*  d/m/100cm?**  Dry Soil***  pCi/gt
2000 20 44%x10* 4 4x10* 20Xx10°
1000 10 22%X10* 22x10? 1 0X10°
400 40x10" 8 9x10° 89x10' 4 0X10'
350 3sx10! 78x10° 78x10 3 sx10'
100 10X10° 22x10° 22x10° 1 0X10!
$0 sox10? 1 1x10° 11Xx10* 50
20 20x10? 4 4%10° 44 20
13 13x107? 2 9x10% 29 13
1 10x10°? 2 22x 10! 0222 1 0X10°!

*The values are based upon a soll density of | g/em? ata depth

of 1 centimeter

** The values are based on the relation § d/m/g dry soil =
d/m/cm? assuming a soil density of 1 g/cm® at a depth of 1
centimeter

**%The umts in which the results of soil sample analyses are reported.

+The values are based on the relation 1 pCi/g = 2 2 d/m/g dry sosl

Note The activity 1n mCi/km? wall simply be increased by a factor

equal to the depth of the sample, e g 4 centumeters deep
will give 4 times the activaity sssuming a8 uniform distnbution
of activity as a function of depth
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DO g

November9 1970

)
by

L M Joshel

TRIP REPORT NEVADA OPERATIONS OFFICE
(PLUTONIUM IN SOIL PROBLEMS)
NOVEMBER 2 AND 3 1970

1l

Contacts
USAEC

Arthur J Whitman
Donald W Hendricks
Ross L kwmnnaman
Paul J Mudra

Radiological Safety Branch
Radiological Safety Branch
Etfects Evaluation Office
Operations Division

USPHS — SWRHL

Mel W Carter Laboratory Director

Jim Mullins Deputy Chiet Analytical
Division

Les Dunn Environmental Survey

REECO (Test Site)

Environmental Services
Chemustry Laboratory
Chemustry Laboratory
Site Survey

Arden E Bicker
Derek Engstrom
Leonard Sygitowicz
Terry Rov

Topics Covered

A Extent of Test Site Plutomum n Soil Problems
“On Site ~ (REECQO + NVO)

B Extent of Plutonium in Soil Problem *“Off Site *

(NVO + USPHS - SWRHL)

C Sotil Analysis and Sampling Problems
(REECO + USPHS — SWRHL)

i

THE DOW CHEMICAL COMPANY

ROCKY FLATS DIVISION
P O BOX 883
GOLDEN COLORADO 8040t

D Soif Stabilization Activities

(REECO)

E The Formation of a ‘Nevada Applied Ecology

Group™ — Subcommittee on Plutonium

Chairman Wnight Langham (LASL)

Members Chet Richmond (LASL)
W J Bair (BNWL)

J L Olson (LRL)
EvanM Romney (UCLA)
J W Healy (LASL)

Otto G Raabe (Lovelace)

REECO Discussions

A Plutonium in sods analysis 1s being done by normal

radiochemical procedures (2 per day at $65 each)
and rapid hiquid scintillation method (50 per day
at S10 each) Mr Sygitowicz will send us a copy
of the procedures used for the latter

REECO at Mercury has a very modern well equipped
and adequately statted radiochemustry laboratory

REECO uses unique electrodeposition cells, 1n-
expensive and disposable

REECO 1s evaluaung chemical sou stabilizers as
follows

(1) PETROSET (Phullips 66) apphed 1n 1 5 and
1 10 dilutions Their contact at Phalips 1s
Richard Bennett 1n Bartlesville

(2) DCA-70 (Union Carbide — $1 75/gallon)
Applied 1n 1 40 water diution Source 1s
Tarrytown Technical Center, Saw Mull Ruver
Road at Route 100C, Tarrytown, New York
10591

A PRIME CONTRACTOR FOR THE U S ATOMIC ENERGCY COMMISSION CONTRACT AT{29-1)=-1106




v

(37  NORLIG A 11 (Amenican Can Company) 4-cents

per pound for powder and 25 cents per gallon

tor 507 liguid Contact 1s in Greenwich
Connecticut and material 1s shipped trom
Green Bay Wisconsin

(4)  They have decided to evaluate the Dowell
products we are also considering

E REECO expressed interest in an information ex-
change meeting and so1l sample exchange programs

PHS - SWRHL Discussions

A Plutonium 1n soil analysis by standard radio-
chemical procedures at rate of 2 per day from | gram
samples for $50 - $75 per sample

B SWRHL has modern well equipped (AEC supplied)
and adequately staffed laboratory

C SWRHL plans to collaborate with Claude Sill at
NRTS (IDO) 1n preparation and distribution of
“standard * plutonum 1n soi sample exchange
They hope Rocky Flats wiil be involved

D SWRHL would like to send Rocky Flats cuts from
so1l samples collected at off-site locations around
NTS They also expressed 1nterest in an information
exchange meeting on these problems

NVO Discussions

The people from the area office were very helpful
Thev supplied us with large quantities ot reading
matenial on the topic much of which 1s not generally
availlable Some more detailed reports on *“Roller
Coaster™ and some unpublished follow-up work was
verv valuable Staff reports on Bikini Atoll relating
to rehabntation and plutonium levels in soil were
useful One 1sland which will not be rehabitated
because of plutonium 1n soil (83— 410 pCi/gm) 1s
Eneman Island Land that 1s contaminated with
levels simular to that found around Rocky Flats 1s
considered safe for rehabitarion The deepest pene-
tration of plutonium 1n sod 1n the Bikini Isiands
(where the humidity 1s very high) was found to be
9 inches

A senes of assumptions with regard to plutonium in
soll on the Islands can be related to Rocky Flats

Assume an activity of 1 pCi/gm Assume all
actwvity 1s on the surface Assume all particles

Vi
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one micron in diameter (Actuallv for effecuve
inhalation particles should be 1 to 10 microns —
project Roller Coaster showed 85% of particles
to be greater than 10 microns )

Assume all particles are available for resuspension
imnallv - Assume 10°® for resuspension factor

Conclusion - Conservatively total hfetime dose due
to this plutonium mn soil will be less than 70
muhirads, a safe level

Project 57 in Nevada showed that the effective half Iife
of high levels of plutonium mn soil (based on resus-
pension data) was as short as 35 days Later studies
on lower levels give much longer (unavaiiable) half
lives

Some significant notes taken from the report by the
Nevada Apphied Ecology Group Steenng Commuttee

1 Any extensive “cleanup™ of plutonium con-
taminated area should not be mtiated until
extent, health iplications and radioecological
significance has been evaluated

2 This project should have very high pnionty
“It 1s amperatve that the program proceed
without interruption ™ The program referred to
1s the total evaluation, especially soil sampling
coupled with a Fidler instrument (Gamma) type
survey

3 Physical and chemical charactenstics of plu-
tonium 1n the environment must be studied,
particulariv

(a) distnbution within soil components,

(b) radioactivity as a function of particle
size,

{c) solubility vanables

Some Additional Reports were of interest

1 *“Radiochemical Procedures For The Determination
of Plutonum in Environmental Samples,” Apnl 1970,
Danish AEC Research Establishment, Health
Physics Department, Risoe, by Erik Kjaer Markussen

2 “Radiation Characterstics of Plutomum 238,”
LASL-3696, October 11, 1967, George M Mattack
and Charles F Metz

3 “Documentation of Alpha Contamination at the
Nevada Test Site,” Aprid 1961, unpublished internal
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report trom REECO to AEC data compiled by
B L Brown } L Gardner Kk H Guinn

C H Johnston and R J Scanlon, eduted by

F W Wicox

Report presents good summary of 2 year history
(1959 and 1960) at four aipha-contaminated sites
Data show some alpha particle penetration down
to 1% inches and only shght resuspension none
to create ‘sigmificant inhalation health hazards ™

NVO-162-28, *Radiological Conditions at Project
Roller Coaster 1966, by the staff of Environmental
Surveillance Group REECO, January 1967

Conclusions reached were

(a) ““Contamination at the sites of Clean Slates
1, 2 and 3 as well as Double Track 1s weil
fixed The ground average reading, for the
most part 1s 100 ¢/m over background ™

(b)  *It 1s reasonable 1o assume that the matenal
has not been resuspended and redistnibuted
On thus basis, there does not appear to be any
health hazard to the civihian population hiving
in the region at this ume °

(c) “ltis strongly recommended, however, that
the highly contaminated debris exposed by
erosion be reburied or otherwise fixed in
situ © We now have a copy at Rocky Flats

**Alpha Decontamination Proposal - Nevada Test
Site and Tonopah Test Range, unpublished copv of
a proposal from REECO to NVO-AEC

Proposal discusses study of plutonium contaminated
soils at NTS and Tonopah and testing of soil
stabilization techniques Suggested matenals are
DCA-70 and Norhig A The former 1s a polymer

works on the acidic fraction of soils, and apphca
tion might cost 8 - 12 cents per square yard The

latter 1s a calcium hgnosulfate costing about

4 - 6 cents per square yard to apply Total costs
are estimated at 3335 per acre The data in this

proposal were obtained from a U S Bureau of

Mines report on work performed on Uranium ore

RFP-INV-10
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tailings at Tuba City, Arizona Actual development

work by REECO at NTS 1s only just beginming
with evaluation of several potential stabilizer
chemicals

6 BNWL-1221, “Plutomium inhalation Studies,”
W J Bair, February 1970 A series of lectures

gven 1n Japan in 1969 (Rocky Flats Library has a

copy )

7 USBMRI-7288, “Chemical Stabilization of Uranium

Taihings at Tuba City, Anzona,” Richard Havens

and Karl Dean, August 1969 (Rocky Flats Library

will order 2 copy )

8 DA-PAM 525-5,US Army 1969 Military Opera-

tions, *“Dust Contro] - Lessons Learned,” no authors

hsted (Rocky Flats Library will order a copy )
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